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The five papers presented in this volume discuss the

relationship between the psychomotor domain and instructional technology

and are intended to serve as resource materials for instructional technologists.
The first chapter focuses upon a consideration of the senses of reality and

the second upon some general considerations of the psychomotor domain. The
third paper offers a classification of educational objectives in this area,

and the fourth considers some educaticnal
and measurement of psychomotor abilities.

implications of the structure
The concluding chapter, a joint

effort of four authors, examines the impact of four major factors upon

psychomotor performance effectiveness.
stressors, time/work fatigue, toxic and drug effects, and task loading.

These factors are environmental
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The National Special Media Institutes is a consortium of Michigain
State University, University of Southern California, United States
International University and Syracuse Umverssty

Contributions of. Behavioral Science to Instructional Technology

As a consortium of higher education institutions the National Special
Media Institutes (NSMI) represents a joint effort to work on projects ot
national interest which are significant to the development of the field of
instructional technology. A series of seminars sponsored by the U.S. Office of
Education and coordmdted by the Teaching Research Division of the Oregon

State System of ngher Education probed the relationship between the

' behavnoral ‘sciences and the field of instructional technology

The' first seminar was devoted to the cognilive area, "the second. to Lhe
affective area and the third to the psy chomotor area. Because of keen interest
in the dtfectlve area the results of that semlnar were published first.. These
three volumes represent new substantive inputs to the field of instructional
technology..-As the field grew. out of its traditional audiovisual product
orientation, new i’nsights were required to emphasize the process approach.
The behavioral scxences seemed to have more to contribute in this vein than
any other subsmntwe field..

The credit for: these volumes and the work of the National Special Media
Institutes should pe given to the late Dr. James D. Finn pf the University of
Southern California who originally conceived the consortitm and stressed the
need for new inputs to the growing field of instructional technology: -

N

"

The papers included in this publication were written pursuant (0 a grant
from the Bureuu of Educational Personnel Development, Office of
Education, U.S. Depurtment of Health, Education and Welfure.
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/

Theré has_been a considerable emphasis on the cognitive and “affective
arcus of “education. but relatively little -attention hus been givon to the

E

psychomotor areca. The publication of the. Taxonomy of Educarional Qb-
jectives: the Cognitive Domain by Bloom. et. al. and the Affective- Domain
by Krathwoll, er. @l helped to focus attention on two major aspects of the
total. educationd scene but 1 taxonomy of the psychomotor domuin pre-
pared by’ the same group has never appeared.
As instructional technologists have been attempting to provldc new sub-
stantive dimensions to the field by soliciting contributions of the behavioral
sciences, both the m;,muvc and affective domains have been studied: The

sy CITOMoTor void Was retognized-by—the- Directorate—of—the_National_Spe-

cial Mediz Institutes and the third in-a series =f conferences reghrding
behavioral sciences and instructional technology Sponsored by the United
States Office of Education was hetd in Oregodn early in 1970,

In a pattern similar lo the prcvnous confegences. distinguished' psycho--'

motor psychologists “were invited to prepare definitive and interpretive
pupers regarding the relationships of their special ficld to instructional tech-
nology. These pupers were dlSLllSSCd by the: psychologlsls and a team of

Jinstructional technologists in-an .mempl to clicit” areas of application. The .

papers were then revised by .the origingl authors in light of ‘the comments
made during the conference: The busic <hapters. however, do not .mempt

to highlight applications but. rather. serve us resource. documents for in-

structional technologists. - . _ .
Some Jranslation of. the counit refice p.mcrs wis mude for. a four day

. institute designed for instructional technologists and held “at Detroit in
April; 1970. The products used a1 that session. und ‘other related materials’

are listed in’the Appendix. This publication was ficld-tested at the institute

vii
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which was prmmrlly mlcndnd for directors of progr.nm sponsorcd by the

© Media Speciatist Program of USOL.
With the publication of this volume. the series concerning: thc relation:
ship of the behavioral stiences to instructional technology is complete.
These efforts are an attempt to bnn,g new dimensions to the fietd. The

resources are provided in these pubhmuons the .lpp]lL.lllOI]b must neces-

sarily rest with the pmgtmoncrs |

The vision and strong-support of L. Clmlon West ol the Buu.ul of

Libraries and Educational Technology of the United States Office of Edu-

cation helped to make the conferences and publications a Slgl!lllL ant con- -

mbunon to the field and to the larger Educational community.

._ - /
. o © Donald P.Ely Maf 1970
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The Senses of Reality:

The Psychomotor Domain.

.. Floyd Urbach -
'Tcachmg-Research—Monmouth Orcgon

"

e .4 - - . - - M N .
«.Life is Lémin’only"chdraci'erized by movement. A mother detects the

‘hrst carly - movements of. the fetus, the newborn child’s most’ obvious

e A"chdnges are in percepuon and musculdr Loordmdnon the developmg child

.is.known to be normdl largely by musuuldr LOOI‘dlndllon the young adult,

'?dlthough generally unaware” of his physncal well being, dlSpldyS great physi- -

- cal encrgy :and stanfina; the middle dged-aduit begins -the slow atrophy of
motor abilities, compensating by experience and habit; ﬂuhng coordination,
reduced flexibility and loss- of speed become the syniptoms of old age; the
total loss of reflex wctivity dnd musgular rcsponsweness results in disability
or death. e . :
~In educauon there is a tendency to forget lhdl man is an animal and to-,
deal wuh man only as an intellectual being. Generally:little attention.has
been paid to the” psychomotor domaii by mosrd:lncntors—Few—wmculumﬁ__.
areas devote: more than a passing mention to this domain in spite of the '
generally recogmzed importance of motor skill coordination arid of” ‘many
specialized programs Wthh ar¢ concerried w1t‘1 psychomotor skills: .+

) A folk song being sung today .nsks “If-there is to be a tomorrow what
~must Be today.” The song could be’ pdrdphrdsed to reflect a critical concern
of education: “If. thcre is to be a day after tomorrow, what miust education
be like tomorrow"“ One part. of the answer may lie in the psychomotor .
domain. In n era of increasingly: complex’ lechnology the importance: of -
the physical ‘well bemg ‘of ‘man is becoming increasingly critical. If adults’
are. to have the phySl(.dl proficiencies_and abilities which successfully- com-
plement the “after school™ components of our culture then education must
be corcerned that chlldren do riof lack the prerequisite psychomotor-abili-/
ties simply becausg thcy were permitted to .Jtrophy through negleot in the *
educational systcm ' : :

s
D
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2 THEPSYCHOMOTOR DOMAIN

The psychomotor domain is concerned with more than human develop-
ment. 1t is more than children playing with blocks. or learning to play the
piano. It is more than physical fitness exercises or training to work on an

Cassembly line. A simple theoretical . definition of the psychomotor domain

remains elusive. A corfounding factor is that the psychomotor domain
cannot be neatly separated from the cognitive or uffcclivc-L‘nn'i‘ponelﬂlls of
man. Psychomotor abilities are mieshed with pereeption of stimuli as well as
the control of movement resulting tfrom those stimuli, Each ot the authors
in this publication wiil -address hitmself to defining either parameters of the
domain or Jo establishing ways of working with variables in the domain.
The net result of this Behavioral Science Conference is not a neat con-
ceptual package but rather a vortex of jdeas which retlects the present
status of thought. research. und experience in the psychomotor domain.

Psychomotor Conference and Institute ¢

The psycaomotor domain is concerned with the physical activities of the
body .such us coordination. reaction time and muscular control. Despite a
fong history of attention v the elementary schools. physicat education
arcas and in some vocational areas. many educators and researchers have -
ignored/this area of knowledge. The philosophy of the psychomotor con-
ference and institute was to probe this area of human behavior and fo_ look
for possible applications to learning and to teaching.

A writers conference was held early in Fehruu'r\y 1970 (Appendix 1)
During the three and a half day conference a panel of five scholars. seven
media specialists. and eight observers explored the content, research. and
findings in the psychomotor domain, The first problem was simply to
astablish a common vocabulary so that discussion could lul_\'d"-plucc.

The first vocabulary “handle™ was provided by Robert Singer who was
at that time trom the department of Health, Physical Education and Recre-
ation of Michigan State University_(currently at Florida. State University).
The psychomator domain was represented as illustrated below,

This simplitied model. when enlurged to include skill factors, task fac-
tows. and behavior factors plus o consideration of how movement behavior

o

. . " Psychomotor Domain

[ **- or Skills Physical Tasks Perceptual-Motor
- Behaviors

Movement Behavior

.

O .

RIC o :
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The Senses of Reality 3

is related to how we think, how we perceive and how we feel. provided a
point ot entry.into the psychomotor domain. :

Edwin Fleishman. Senior Vice-President and Directer of the American
Institutes for Research. provided an ip-depth look at the domain presenting

~the resuits of 18 yeurs of intensive. sustuined research in the area of
psychomotor abilities and’ phiysical proficiency tasks. In a series of inter-
locking and carefully controlled studies 12 “basic abilities™ have been iden-
tified by correlational and fuctor analytic studies. They have such names as
tracking. contrel precision, respdiise orientation. rate control, arm-hand-
steadiness -aiid multi-limb u)()ldil\lli()n The precise definition of each ot
these abilities and the- dL\.Ul]]pdllVlllL research evidence indicates that there
1s o such thing as generalized motor skill capability. The measurement of
an indwvidual’s psychometor ability requires a comprehensive battery " of
tests and measures in cach of the twelve areas. ‘ 9 _

Two terms, ability and skill, require specific definition. An ability. in
Fleishman's terms. is 4 general trait inferred from response consistencies: A
skill is a level of proficiency on any given tusk or limited group of tasks. A
skill. then, may require several psychomotor abilities to complete the se-
quence of responses required by the task.

Elizabeth Simpson. Research.Associgte. Instructioral Materials and ?rac-
tices Branch. of the National Center for Educational Research and Develop-
ment of the United States Officer of Education, presented u taxonomy
developed to assist educators in developing and analyzing educaiional objec-
tives in terins of the psychomotor domain: This landmark work which
provides a six level taxonomy does nof attempt to classify psychomotor
abitities or skills but seeks to provide a base for stating and analyzing
educational objectives in the psyuhomou‘)r domain which are ui prc>enl
implicitly or explicitly. in educational programs. :

“The basic dimensions of this, svstem are perception, set, gmded response,
mechanism, complex response and creationi. At this point in the conference

o it became very clear that educational objectives in the psychomotor domain
overlap the cognitive and affective domains. The taxonomy of psychomotor
objectives, while admittedly subject to much moditication. was undertaken
when it became apparent that edudators investigating the other domains
had no intention of-pursuing a similar kind ut effort in lhc psychomotor
domain.

The fourth paper was presented by u quertet of writers from the Bio-
technology Division of Boeing Aerospace. George Greer. Jr.. Daniel Hiu,
Thomas Sitterly and Edward B. Slebodnick compiled a unique paper. sev-
eral hundred pages in length, which includes an enormous amount of re-
searcli data resulting from the serospace program, human factors research

~and industrial applications. The principle sections of the paper deal with
time-work effects on learming and performance. 10xic ‘and drug effects .on
psychomotor performance. task loading and operator performance.

ERIC :
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4 THE PSYCHOMOTOR DOMAIN
" The scope of implications regarding performance and learning to per-
form inctude: 1) the value of overlearning: 2) the effect of environmental
variables o performance requiring. a large cognitive learning component. 3)
the value of physical conditioning:. 4) deterioration” of secondary tasks
ander stress: 5) adaptation to stressors: 0) the value of motivation and the
need for motivation management: 7) the problems ot learning which arise
from ‘the instructor-student interaction in the learning situation: 8) the
etfect of deficiencies in man-machine interfices which degrade pertor-
mance: 9) the techniques of establishing perfcrmance standards: 10) learn.
ing how to better use visual capubility: and. 11) the effects of common
drugs” and toxic agents on pertormance (which appears to be tur more
critical than present legal requirements ‘indicate). ’ )
This outstanding effort contains a data base capable of not only niodify-
ing the design of the learning ot psychomotor skills but also anoditying the
way in ,which ‘earning is designed and the conditions under which we

-require pupils to fearn.

What is the role” of the psychomotor domain in educating chiidren of

‘today and of tomorrow? This is. or course, the ultimate question, Some of
the answers may lie in the papers and deliberations of this conference. .

The Institute. From the conterence papers and deliberations came the
idcas to be presented in the psychomotor institute. The institutc was a
three and a half day leaming experience for the directors of 197071
Bureau ol Educational Personnel Development tunded -media institutes. The
institate included representatives from 16 states and represented a muajor
dissemination effort of this behavioral sciences project. The second dis-
semination effort was to publish the pipers vesulting from the conference

. in order to make them available to the total academic community. The -

O

Final.report of the project contains a complete summary of all experiences
and materials used in the Psychomotor Institute. Appendix I presents the -
[nstitute outline Appendix [l presents a list of mediated pockages and
materials usedd at the institute.

Sunmary

The relationship of psychomotor proficiency to intelligence and emo-
tions is a matter of some speculation. Research evidence is contradictory
and research designs generally discdlitage generalizations. However. the in-
volvement of psychomotor abilities in cognitive acts and affective reactions
seems fairly obvious-after even minimal study of the’psychomotor domain.
The implicagons for instructional technologists, curriculuin designers and
instructional systems develcpers are less obvious. Only by conscious effort
will the appropriate use of our knowlrdge* about -the psychomotor domain
be made. The instructional technologist has a responsibility similar to that
of_ the aemspace technologist to make practical uses of psychomotor

- °

RIC

Aruitoxt provided by Eic: . -



The Senses of Reality s,/é

knowledge by applving that Fnowledge to the design of environments
which use availuble information about the psychomotor capapilities oi man.

The psychomotor domain holds catalytic keys te individual learning.
styles and alsy to the design of more effective instructional methodologies.
Each instructional technologist is challenged to attempi his own synthesis
through integration of psychomotor clements with those in the cognitive
and affective domains. '

Q
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The Psychomotor Domain:
General Considera_tions

Robort N, Singer
Flor-da State University

The' psychomotor domain vicompasses a broad spectrum of movement
behaviors. It is no different from the affective and cognitive domains with
regard to acknowledged difficulties in the interpretation and agreement in
the usage of relevant terminology. In the psychomotor area, the problem is
magnitied further by the fact that different disciplines have interests in,
and pmglmc research related to, man's motor activity. Because each has
developed its own body of knowledge, the consolidation of research find-
ings applicable to all *'ormx"q;‘ human activity has been difficalt. Psycho- -
motor activity is assoctated with military tasks, agricultural duties, indus-
trial. professional - technical, and vocational skills, secretarial functions,

* business operations, home economics responsibilities, driving demands,

“music, art, and dance works, us well as physical education, sport, and
recreation endeavors, It underlies other forms of behavior us well. Although
the skills,of each ficld are unique, common bonds.tie these areas of interest
together. Great reservation and caution must be observed, however, when
applying nomenclature and research in the psychomotor area.

Perhaps a clarification of terminologies would be a first logical step in
an attempt to order and classify research findings in the psychomotor
domain. Following ‘this will be discussions on (1) psycliomotor behavior,
(b) the objective: prohuuuy. (c) the learner, and (d) instructional settings.

Defivctions and Interpretations

The development of various terms within and among different disci-
plines. vocations. and professions to expluin movement behaviors has
caused a Fair amount of confusion among researchers, teachers, and taymen

7
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8 THE PSYCHOMOTOR DOMAIN'

alike. The sume terms have been used in difterent contexts. Dissimitar
terms are utilized to convey the same meanings.

Thus, the physical educator develops his own “jargon.” as does the
psychologist, the technologist, the vocational specialist. the special edu-
cator, and the like. [t becomes evident that the psychomotor domain
encompasses many it not all of man's overtly expressed movement be-
haviors. Cognition and affect are entwined in all volitional motor activity.
Theretore, the - distinction among domains becomes one of convenience
rather than one of natural boundaries. Assumirg the association of overt
activity with the psychomotor domain, the task is then to classify or cate-
gorize behaviors in a meaningful way. Only then cun research on behavioral
expettancic: be meaningful.

Various reports rave been published, attempting 1o make sense out of
the psychomotor domiin. In response 10 the taxonomies developed within
the cognitive and aftective domains, Dr. Elizabeth Simpson has formulated
a taxonomy of the psychomotor domain which is discussed in Chapter 3 of
this volume.

Other researchers have been concerned with providing order to certain
aspects of the domain. Hence, Guitford {1958) has surveyed psychomotor
abilities through the administration of physical fitness tests. apparatus tests,
and printed tests. He concludes that there are six primary psychomotor
abitities: strength, impulsion, speed. precision, coordination, and flexibility.
Guilford’s means for collecting data may be criticized and his conclusions
questioned. His designated psychomotor abilities appear to have limited real
applications to the wide variety of activities that may theoretically be

“placed in the psychomotor domain.

Fleishman has gone a step further in identifying dimensions underlying
human performance. He classifies factors in two categories: the physical
proficiency (fitness) areus {Fleishman, 1964) and the psychomotor area
(Fleishman, 1967).

Physical Proficiency o P.il’(‘/l())ll()l(;:" Factors
Extent Flexibility ~ Control Precision
Dynamic Flexibility © Multi-limb Coordination
Static Strength. ) -Response Orientation
Dynamic Strength Reaction Time .+
Trunk Strength Speed of Arm Movement
Gross Body Coordination - Rate Control
Gross Body Equilibrium - Manual Dexterity
Stamina Amm-Hand Steadiness
Wrist-Finger Speed
Aiming

it should be pointed out here that the psychomotor tactors established
by Fleishman are the fesult of performances on various lahoratory tasks.
' /

RIC
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- pected to use the term p\ydlomolor The experimenter interested primarily

The Psychomotor Domain: General Considerations . 9 7

~The extent to which these factors underlic athletic performance. success in

music, art, and dance. worker output, and military achievement has yel to

‘be- ascertained. Nevertheless. .we may conjecture that  the physudl pro-

ficiency items are most associated with athletic. mllilary and industrial
tasks requiring strength and endurance primarily and minimal_intricate co-
~ ordinated movcmcnl ‘patterns. Psychomotor factors would be more felated
to those skifls Tepresented by fairly refined activity' : .

“Cratty” (1966) haus - Llllcmplcd to construct a theory of what he Ld”h
“perceptual-motor behavior.” This three-factor theory -is illustrated in Fig- -
cure 1. Although there:is consideratipn for environmental, conditions and the -

status of the organism, ticre is serious doubt as 1o whether his “General
- Supports of Behavior” are indeed general but rather specitic to each given
situatioti. Furthermore, the indentification ol ability traits scems.to suffer
from a lack of those.psychomotor factors. e.g.. LOOIdll].tllOl] isolated by
Fleishman as well as others.. ’ T T

From- another frame of reference, lhc xhema depicting the parameters
of movement is prc%unlcd in Figure 2. A more philosophical approach is

rcprcsentcd here. Nevertlicless. Abcnmlhy and Waltz (1964) touch upon a

number of: the considerations for effective movement. Although pnm.mly
-applied to cxpressive’ movements ragher than vocational and ouupanon.ll
- skills, this-approach reflects thinking in the psychomotor domain.

The semanttics involved in the psyc.homotor domuin huve been C\pov‘d'

in a few instances.. For cwmplc Loukhurt (1964, p. 9) writes ‘that:

investigators naturally cemmunicate in l.mgu.lg,c hmlljur to ‘them.
lhc hdmvmmlu psychologist LO[]LCH]Ld with motor leafning might be ex-

in the functioning of the sense organs performs sensory-motor. investiga-
tions. Those conterned with perieptually gmded non- verb.:l behavior often-
refer to perceptual motor- Imrnmgs . ) . ) {

<

And tm.llly [ (Smgcr ‘)68) have - tolmd fault with the* misuse- .md abuse

of url.un terms in.the physuul education literature; naniely. phymal fit-

ness. motor fitiess, motor _cducability, motor wpduly and motor ability.

- Used interch: arigeably on many. occasions. these terms were LOHLCWC(] 10 .

describe different conditions of the orgamsm that might,-ironically enough,
not cven exist. What is physical fitness? Motor ability? How are they to be
measurcd? Agréement is lacking in® delinitions ag well as the nattire of the
tests to measure” sich hunmh dimensions. Withoul -an -adequate validity
criterion, the very nalurc of the value. of these tests is questioned. The
' typical loose usaz,c of the terms resulls in addcd confusion for all con-
(,CI'l]Cd : : TN ‘

st .
s therc any hope. of csmbllshmzj the bounddncs'of the psyuhomolor

domain? Of identifying dnd dlsnngunshmg tasks that constituie, this do-
mam’ . o ST : L
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TASK SPECIFICS

BEST COPY AVAILABLE

YCHOMOQTOR DOMAIN

, . Past Experience
/ Spatial Dimensions

Practice Conditions

5

Force Requirements
/ Amount of visual Monitoring
|

/ Social Conditions Present

—
—
° M \II
PERCEPTUAL-MOTOR Arm-leg Speed Static Strength
ABILITY TRAITS . )
. . \
Finger-wrist Speed Trunk Strength
! Ballistic Strength - -
Wrist-arm Accuracy

' etc. etc.

!
'
- —
L
Characteristic State of Arousal  General Aspiration
. : Level

Persistence at a Task
.

Abitity to Analyze
Task Mechanics

GENERAL
SUPPORTS OF

BEHAVIOR
_ete.

O

Figure 1. A theory of motor behavior. (From Cratty, 1966)
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The Psychomotor Dgmain: General Considerations

Human Movement is initiated by

PURZPOSE

-to wehieve — to colgmunicate — to/express — to-rélate

is yestricted/by

PHYS I [ TIMITS
l ' - the limits the limits

of body potential of environmental laws

(structure . . . function) (gravity . . . motion . . . force)

and mocQtd by
MOVEMENT EXRERIENCES

§

T
'

-
L

condition — !:7“5 -— skylls -~ slyle — knowledges

PERSON LIT STRUCTURE

[
|-

—h

‘attitudes — lrail;— 3

ions — cghstructs — goals

PERSO PERLCEPTION

-t

Wof\%&\u '
FSOCIAL{C’UL'TURA .EN JRONMENT

custums\&ccta‘r-ies;ﬁs f— — mes els — patterns
PHYSICA VIRONMENT

-

The Proceys of Moving

sounds — sp‘acc//equipmen\»‘vcalher — time

QOccurs through space. in time, with quality (level-tempo-force . . )

Can be described in terms of its components: dimensions, basic

movements, fundamental skills; its design: patterns and style. Can

be used to control equilibrium — to give and receive impetus. May

or may not be efficient in terms of muchanics and purpose. Is per-
ceived variantly with occurrance, the mover, and observers.

//
nd

‘lS A_MODIFIER OF ITS OWN DETERMINANTS

Figure 2. A Framework and Structure of Human Movement. (From Aber-
nathy and Waltz, 1964)
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12 THE PSYCHOMUTOR DOMAIN

The charge is obviously not an casy one. Nevertheless. Figure 3 depicts
the possible scope of the psychomotor domain aizd the kinds of abilities
leading to various acts which constitute movement behavior (no continuum
ot activities is intended): , -

[. A motor skill refers to muscular movement or motion of the body .

required for the successful execution of a desired act: (Suame as
perceptual-motor skill.) Specitic criteria are set for the acce ptabil-
ity ot performance. s

A. Fine motor sklll.\' encompass the neuromuscular coordinulions
involved in precision-oriented tasks. such as typing, piano
playing, watch-making. needle-threading, and tracking with
pursuit rotors. They are highly refined and distinguished {rom
other tasks ‘because of the high- degree of eye-hand precision
required in their execation. Furthermore, they are usually sit-
ting-down tasks.

B, Muanual skills are aypically mid-way between fine and gross
skills. They are Usaully eye-arm-hand manipulative tasks that
are fairly repetitive. Examples ar found in factory work and
industrial technology areas. Equipment, apparatus, or objects
are usually the source of manipulation.

C. Gross motor skidls involve the large muscles and the movement
of the majority of the body. Sports skills of M kinds may be
vonsicered as gross motor skills, although there is no clear-cut
distinction between fine, manual, and gross motor skills.

Further distinctions-might_be made according to the natvre of the task.
Fitts und Posner (1967, pp. %3:84) deseribe discrete, serial. and continubns
skills in the tollowing way. A discrete tusk has a clearly defined beginning
and end. as is found in the typical rzaction time 2xperiment. A serigl task
contains a pumber of successive events that are also encompassed by well-
understood beginning and ending parameters. A musical selection or reading
exemplifies serial tasks. A continuous task involves adjusting sequential
responses 1o unpredm able siimuli, as is incorporated in the act of dnvmg a

Cedr,

O

1. Physical tasks are characterized by a minimal, it any. involvement
of the higher cortical centers of the nervous system.

A, Physical fitness tests require minimal coordination of body
pirts and cognitive activity. Strength, endurance, speed. and
(lexihility describe  tactors in this category. Following an
understanding of the act. the execution of it becomes quite
repetitive, with stimulus discrimination of minor importance.
Gross motor skills, as alluded to before, include activities
demanding cue discrimination- of changing and unpredictable
stimili and the temporal patterning of adaptive responses., ¢.g..
sports skills. Physical fitness tests accent the “physical.” that
1s. @ push-up test demands gross, continuous, predescribed
movements of the body until the onset of fatigue. Motor skills
are. more complex and involve more motor coordination. of
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the body itself. as well as more coordination of cognitive and
motor abilities. i -

B. Nown-volitional behavior is primarily reflexive. The knee jerk,
dutonomic processes, and extremely well-learned acts are prob-
ably performed at a sub:cortical level.

111, Perceptual-motor behavior includes those tasks that have a high
degree of the perceptual component present. It is popularly. used
to connote the special training programs for youngsters classified
as mentally retarded, emotionally. disturbed. or slow learners, in
the hope of improving their learning capacity. The perception and
recognition of spatial relutionships and patterns, the estimation of
distance, speed, and accuracy, and the ability 1o temporally pat-
tern responses could easily describe motor skill as well us percep-
tual-motor - behaviors. But for distinction between these terms,
motor skills refer to specific acts and sequences of responses while
perceptual-motor behaviors are more generel movements. In com-
paring motor skills with perceprnal-motor behaviors, relatively
speaking. there is a greater emphasis on response development in
the former case. A greater degree of the perceptual component is
present in the latter case. us is allowance for varied behavioral
expression,

A. Exploration of space and body awareness activities represent
perceptual-motor movement patterns, Moving and controlling
appropriate parts of the body in spave to reach objectives
démonstrate body awareness and space exploration activities.
In perceptual-motor training programs, these are general, ap-
propriate, relatively noi-difficult movement responses to spe-
‘cific’ directions, involving the interpretation of directions and
the activation of acceptable responses.

B. [language skitls are heavily perceptually-oriented. and rctlcnl
purcep[ual -motor behavior. The conception of words, the
formation ,of mouth movenients and facial cxprcwions, and
the production of words describe dctivity_ in this area

No referencé is made to psychomotor tasks per se. for almost any kind

‘of movement-oriented task could probably be considered a psychomotor
task. For the most part in the literature, psychomotor tasks are indicated

by laboratory-created situations. Reacticir—time,_coordination-apparatus
tests, positioning tests, speed tests, and the like have ofteirbeen_referred to
as psychomotor tests. The term is so vague us to have little real practical
meaning. '
Cnn(ranly Noble (1968) argues that *“the label ‘motor™ skills is less
satistactory than “perceptual-motor’ or *psychomotor” skills .. > He feels
that the two latter terms are interchangeable in meaning. Motor skills are
defined us “mcrcly . any cued striate-muscular action that is modified by
learning variables, PSthmnol()r tasks (or perceptual-motor) are eluboralely
interpreted to be “those situations that require the identification and com-
bination of stimutus-organisti-response clements into .codrdinated spatio-

temporal patterns of réceptoreffector activity as a joint function of

RIC |

Aruitoxt provided by Eic:



E

o .
oy zenerally be described

o

The Psychomolor Domain: General Considerations |

practice repetitions and reinforeing feedback so as 1o optimize probability.
amplitude. and time scores (or their derivatives) in acquisition. retention,
and transter.™ [ois my opinion that 1o get bogged down in semaritics,
terminology and verbosity. will do us no good at this symposium. We need

Csimple explanations to understand the scope of the psychomotor domain.

A general framework has been suggested as 1o the types of tasks repre-
senting the psychomotor domain. Researclt on motor skills witl now be
primarily considered with regard 1o Jlearner and environmental vasiables.
Proficieitey in sKills is dependent on so.many factors that it will be impos-
sible 10 mention them all in this paper. No depth-treatments ot these
considerations can be made. Rescarch will be examined trom the motor
skills arca i order that applications can be made without the usual fear of
the possible lack of relationship between the leaming of nonsense syllables,
prose. and other verbat material with the learning of motor tasks. Although
rescarch findings are argued 1o be task and situation specitic. hopetully
evidence on the learning of certain types of tasks in the psychomotor
domain may legitimately be applicable to other tasks in this domain.

- The Objective: Proficiency

Although there may exist @ number of objectives in the learning situa-
tion. one of the immediate or ultimate gouals is the mastery of the task and
the attainment of skill. Different standards of achievement are established.
but essentially the most etficient and effective ways of reaching goals are
those that are sought. This implies a need to understand the nature of the
task. the learner, the learning process, and learning conditions.

it the area of athletic proficiency. a number of factors contribute. They
ound in Figure 4. Genetics, childhood exps
riences.. personal goals. envi,onmental influences, and other interactions
lead to the state of “excellence.™ Ideally. in order to determine potentials
fer developing proficiency in any task. genetic fuctors, tamiliar tendencies.
past experiences, and the individual’s personality would be reasonably
understood prior. to training on a given task in.a particular situation. Gen-
eral leaming principles and specific considerations. with appropriate en-’
vironmental  moditications and instructional  techniques, would then be
utilized. The couch is thus the ultimate determiner of the athlete’s, produc-
tivity. Limitinig and determining personal fuctors on the part of the athletes
are incorporated in the couch’s plan in directing practice sessions. Figure §
has been drawn to show parallelisms between the characteristics considered
in Figure 4 tor athletic proficiency with those underlying achievement in
any vocational task, In this case. it’is the teacher. leader. or supervisor who
has the final regponsibility in shaping the environment for best produc-
Hvity. ' '

I nost learning situations in any domain. it is virtually impossible to

O
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/. 16 THE PSYCHOMOTOR DOMAIN

Athletic Proficiency

-

" Coach's guidance:
coach-team-ath!ete compatibility
Environmental conditions-
Behavioral Modification

Influence of culture,
tamily, peer group

Interest, motivation

State of training,
physical attributes

1

Prior athletic expériences,
learned skills

’

- .

Childhood experiences

.

 Hereditary factors, e.q.,
. physical characteristics, abilities

: Figure 4. Foundational blocks toward aéhieving excellence
in athletics. {From Singer, in press}
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Task Proficiency

Teacher, leader, or supervisor guidance:
‘leader-group-individual compatibility
Environment of conditions-
Behavioral Modification

Influence of culture,
family, peer group .

Interest, motivation

State of training,
physical attributes

’ .

. _ Prior learned specific,
B ' : related skills

Childhood expe;iences, general

;-

_ " Hereditary factors, é,.g.,
. physical characteristics, abilities, intelligence

Figure 5. Foundational blocks toward achievement
Q in vocational skills.
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18 THE PSYCHOMOTOR DOMAIN S
make atl these individual considerations. Yet. one of the tallacies in any
group-learning effort is to treat all individuals as if' they possess the same
characteristics. abilities. experiences. and wmotivation to uachieve. For in.
stance, it is suggested that approximately 80 percent of the variance in
intelligence may be attributed to hereditary tactors: 20 percent to environ-
mental experiences.” When all sorts of familial characteristics afe considered.
e.g.. intelligence. height: weight. and body build. an average correlation of
50 is obtained between parents and children. To the extent that such
personal qualities may be related to the probuability of success in a giver
endeavor in the psvchomotor domain. they must be deknowledged.

I. In athletics. a.given body build has been found to be related to
excellence in particular athletic endeavors. The average athlete representing
one sport has been somatotyped (a method of determining body build) and
is usually distinguished in this dimension from athletes representing other
sports (Carter. 1968, 196Y). Or. for that matter, from so-called non-
athletes. Although u given body type is not a necessity for excellence in
athletic endeavors, its presence may increase the probability of success. The
relationship may hold true for all” types of motor skills, Inherited and
developed personal qualities may increase the likelihood of one, accomplish-
ing certain activities associated with industry. business. the ﬁlililury. and
the arts. Physical characteristics. of little concern in the cognitive domuin,
are very much associated with the mastery of varied motor ikills.

2. Enriched and varied early childhood experiences isi;\second' factor’
leading to the probability of success in g wide range of v»ndertakings. Work
with lower forms df young organisms -chimr.nzees. chickens. dogs. and
rats - introducing an expenence. depriving o1 restricting a sense or enriching
the environment has been shown to affect adult behavior. (For example.
see Beach and Jaynes, l‘)§4.) Freud's work and the efforts of subsequent
psychoanalysts indicate the effect of early experiences on adult personal-
1ties.

Situations for ngunng -out and  executing Jppmprute movement  re-
sponses begin .at a very early age. These foundational blucks serve the
learning of later-inlite complex activities. The extent to which a child
successfully experiences perceptual-motor behaviors and’ develops motor-
ically will probuably influence his rate of achievement when confronted with
so-cilled “new™ tasks, However. it might be theoretically argued. and it has
been. that very Ffew activities are really new to-the learner following the
childhood years, Most skills require that already-learned movements be put
together in a different fashion. Temporal and sequential patterns' of re-
sponses are altered from situation to situation. But essential and generul
movement patterns, learned well in childhood. influence the degree to
which complex skills will be .m.umd in later years. '

3. Specific \I\Ills once hdrned will naturally tavorably transter over to
situations in which these skills are used. Specialized training in childhood

o
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The Psychomotor Domain: General Considerations 19

leads 1o desirable outcomes in specitic circumstances. These exists mu-h
evidence un the speciticity nature of motor skills: that in order for oné to
reach a high degree of proficiency in any skill, ps.actice must be specific to
that skill. ‘

| 4. Aspects of personality relate to task achievement in some ways, al-
though clear-cut patterns are often ditficult to establish. On more complex
tasks. studies generally show highly uanxious individuuls do more poorly
than those low. in anxiety, Also, those who score low on uanxiety tests
perform more effectively under steess than under normal conditions, This is
not the case with high-anxiety people, who ure less effective performers
under stress (Wiener, [959),

Insight and sensitivity on the part of the teacher, supervisor, or other
forms ot leadership to the personality characteristics of the leamer-
performer may help to detect possible behavioral choices. patterns, and
achievement. In the area of choices, vocational researchers and theoreti-
cians point to level and direction of vocational aspiration, self-csteem, need
to achieve, and other personality characteristics. Selfesteemn is a strong
moderator variable in one's vocational decisions (Koman, 1966). Indi-
viduals are more apt to favor social roles, positiond, and occupations that
are consistent with their image of personal _abilities and talents.

Athletes representiag ditferent sport groups have been shown on occa-

sion to possess .unique personality profiles. Superior athletes, averuge ath-
letes, and non-athletes are also uniquely: characterized. (A brief summary of
the research is reported by Cooper, 1969.) A few psychologists, notably
Oglivie (1908}, are quite enthusiastic about the identification ol unique
personality dimensions of champion athletes., However, agreement on these
maiters is still lacking, When traits can be ascribed with a reasonable degree
of contidence to athletes representing a sport, or workers involved in cer-
tain occupations, statistical analysis will help to predict the probability of
an individual’s achieveme 1t on a team. in" an event. or at a position,
5. The general . motor abilities, intluenced by hereditary and environ-
mental variables, and posséssed by the learner will certainly have a bearing
on his potential for successtul achievement in any endeavor. In predicting
proficiency. a4 young child is more apt to have more “‘generalizuble™ abili-
ties than high school or older-aged individuals. With. age comes a matura-
tion and differentiation -process. Complex and specialized tasks must be
continuously and conscientiousty” practiced for one to attain relatively high
degrees of skill as he develops to maturity. Less time cuan be devoted to
other pursuits. The endeavors of youngsters demand more gross movements
and they are fairly similar fromactivity to activity. This is not the case as
the individual begins the adolescent years. The maturing organism is capa-
ble of undertaking end completing more highly refined tasks. Interests, too,
change. and become more specialized.

Obviously. then, a test that presiunably measures general motor ability is
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20 THE PSYCHOMOTOR DOMMN

almo.sf meanmgless in differentiating _ among the reasonably or highly
skilled. - Since none have been developed that are. lruly general, euch is
almost meanlngless for instructional design. In- the LJSC of sport/ gross

bodily activity along with intricate and refined movements are involved,

Onc test, or even a battery of tests, cun rot LOl]LClVJb‘y produue dis-

'Lrlmmutlng judgments umong athletic- individuals and between . specific
‘'sports participants. Specialized. skills tests, reluled to the sport at hand, will

. do a more acceptable job. The same is lrue in the vocaiional area. Instead -
of speaking -about one m.mu.l! ability,; retognlllon should be given to the

. probability that there exists 4 number of manul dbllllles And specific

among individuals than will g test ofgeneml manual ability,
"~ “Even so, successful job ‘tompletion 6r athletic participation are related
10 so many variables that the practice of isolating particular skills to test -

manual tests, related to the task. at hand, will yield belter dlstnnuons

for “clussfication "and prediction purposes is of questionable value. More
simple motor skills tan be hindled more casily with .tests when such is the
intent. But complex tasks, involving not only a number of human abilities,

' but specified skills, personality’ variables, and physical and phyéioiogica]

characteristics as well, defy the implication -that an ability test or abilities

“fest alone can sausfa(.lonly account for:-enough 01 the achievement variance

to be of” practical value. _

6. Another point to keep in mind is that tmnal levds of prof'encv are
not negsﬂsunly-vahd as the basis for’ predicting future achievement levels in
a. given ¢ndeavor.- Although there dre fast learners and slow learners, a
person is not typically un overall fast learner (within the “normal™ populd-

tion). Ruther, ath{evement in cach task is obl.nned in varylng speeds and at
: dlllcrent levels for .cach individual. For example; there is' no Loufnnmon
: of .my general learning ability improvement factor: :

When motor tasks-ure snmple and isolated, different trends appear. As in

the case of Adam’s (1957) data, later proficiency was vgry much related to”

early status. The task was very ‘simple, meusuring discrimination reacllon
time. There is good reason to believe, though, (and research Suppiort as

“well) ‘that the relationship between initial and final status is quite low on
niore Lomp]C"( motor tasks. This is eipecu}ly true when enough practice -

O
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and time are alloted for learning to occur. i
When individuals have _practiced ‘a skill for a whlle predlulon of rela-
tive achievement within a group becomes gasiercand more JCLurJlC Per-

>~ Tormance becomes: more stable. But “as: Flmshxmn has pointed out in a.
* number of -articles (e.g., “Fleishman. and Hempel 1954) the fumber and
" nature. of abilities related to task achievement Jppuren/lly ch.mge in relative
"lmporl.mLe during practice and lmprovement in complex motor skills. Dif-

-ferent abilities are ‘more important in different ph.mes of ‘skill JLC]UISI[IOI]

The preaedmg material constitutes some of the gener.xl individuil learner’
chnsiderations in reaching high dggrees of skill. The learning situation .is -
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dynamic and complex. All learners do not.come to the same Situation with
the same potentiality for proficiency. They cannot be programmed in simi-
lar fashion. regardless of the rationale presented by behaviorists. It is true..
however. that certain instructional modifications witl “generally affect the
myjority of learners in like nature. or with a feasonable degree of predict-
- ability in a certain direction. Where applicable and possible to implement.
instructional techniques and learning strategies should reﬂcu the learning
process in general as well as individual differences. _
- Let us take/ a further look at learner dimensions (pcrsonul factors that
distinguish among members of a group) and behavior modification in gen-
erak through environmen tal manipulations (instructional settings).- '

&~

The Learner

Some of the ways in which learners differ from cach other in charuc-
“teristics as they confront a lcurmng situation striving for proficiéncy have
been summarized. The lm necds to be extended. | am Lonllnuully amazed
1 at the apparent neglect of - these variables by psychologists in the experi-
‘mental and military areas. For instince.” Gagné (1962). in an excellent
article (to be referred to again in this paper) entitled “Military Training and
Principles of Learning”™ provides. ntach insight into _training techhiqugs and’ .
behavioral modification. He never once mentions .myllnng about the nature
" of the learner. He does not addréss the- problem of individual differences.
Learner variables -ure 1morpomtcd in Figure 6. which serves as a sum-
mary for the material to-follow in this scction. Individaal differences such
.as these need to be recognized as important contributors to achievement in
many of the tasks found in the psychomotor domain.” Thie nature of the
tasks .will greatly -determine the relative unporlumc and influence of cauh
factor on leurning and performance. : -
In gross motor tasks. often executed in the mllndry mdu,lry and 9pon'
differences in body build constitute a factor in potential achievement. This

" point has been utluded to previously. Other factors. besides the ones de- -

~scribed in the preceding section. must be.eximined. Therefore the. section
" exctudes material already considered dbove. (1) body bunld (2) childhood
experiences, (3) prior specilic_skills, (4) certain aspects of pcnonahly (5)
some general motor abilities, and (6) -initial levels of task proficiency . al-,
-1lmugh all are lL.Jrncr considerations. There are other learner varublcs to
consider. . ' ‘ o . o
«7) I’Ilvucal teasures. 1 the: (usk rcqliircs gross movements of the body .
- (alarge-muscle task): adequate strength: flexibility: and endurance must be-
brEsanl. Practice can then be sustiained which will in turn resuli ‘in per--
formance improvement. The condition of the body with respect.to those
and other underlying personal. attribuies relevant to the skill(s) at hand will
gru.nly dclcrmmc the cffcmvcncsx of .the pruqluc conditions drrungcd lor
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PHYSICAL NERASURES

SENSE ACUITY ——

Figure 6. The Learner
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leurning to oceur. Even i such acts as typing, piano playing, and card
“sorting, hn;,u wml. and arm Llldll[‘dllLC is a prcruq\usnc to skill .IL(]UI\I-
tion!

“{8) Motur meastres Morc Lomplcw tasks qulurc “the presence of a high .
dcv;lppmunl ol those motor abilities that will interact and underlie JL]!!CVL‘-
“ment. Unfortunately. abilities are usually defined witllin the framework of
the tests designed Lo measure them. Beyond empirical ‘observations and-
scanty, research evidence. it becomes difficult .to specily those abilities
associated with task proficiency. Thus, we talk_iu terms of a coordination
ability. an ability to bilance. and a speed ability, and yet research has been
fairly. consistent in demonstrating low, positive intercorrelations among tests -
purported 1o measure each one of these..as well as other abilities. C

Evidently. at the present level of: knowledge, we can only talk in terms
of an ability as measured by whatever means we measire it. Theoretically.
though. an ability L()ll(l’lbll(Cb o prol‘ucnuy in a number of skills. A’
number of abilities are’ important to complex skill leafiing. The goal is to’
be ublé to specify those abilities related to the Igaming of edch motor task,
" the stuges of learning where cach contributes the most to achievement (as

. attempted by Fleishman and Hempel, 1954: Flclshm.m 1957: and Flcis'h-'
man and ‘Rich. 1963), and the meuns to cmph.nsl/c and develop (I]()§L
abilities ot-interest. :

(‘)) Sense acuiry. Puor to dunng, and lollowmg an act mfommtmn is
_lmnsmlllcd through the senses. Kinesthetic, visual, and verbal cues provxdc_
important kiowledge to the leamer about. his pcrlorm.mLe V.mous kmds_ <
ol sensory receptors, each specific to one stimulus form only, converl the
Cinput into-clectrical energy capable of going to various parts of the nervous
system. Some impulses activage the perceptual mechanism, so that meaning
can be mude ol that-which was sensed. Others aclivate sub- cortical centers.

In order for mlormuuon to bc accurately processed. as a first step- the
itput | devices' (sense” orguns and rcucplors) must be-in good functioning.
order. Poor depth perception or pulphcml vision, inferior audition, or in-
_effective proprioceptive activity will provide error-filled .information. -

A 10) Perception. Following the reception of  information through the .
senses. perceptual operations lyplmily precede motor activity. Interpreta-.
tion ol the situation must be made -before correct responses can. transpire.

‘ Selective, attention to cues and. distegard for irrelevant ones constitutes thc
i prclnmndry porlion of effective movement behavior. How- and what’ one
perceives in 4 given situation® dcpcnds on many faclors. In turn, one’s
. behavior reflects perception .md the means to .Jpproprutcly sp.nmlly and
2 temporally exccute movements. . :

(11) Intelligence.: lntclllgcnuc which 'is usuully mc.nured by academic . .
utliicvc:ﬁcnt;dr'I_Q_in the research, is positively but lowly related to. physi-’
cal characteristics and motor skills in “the normal population of students.

Wl(hm the normal mlclll;,cncc r.mgc we would ;,cncrdlly not expecl those -
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(vh() are more outstanding in motor skill’ accomplishments to be. meaning-
fully: more or less iiitelligent than others. Mental retardates. however, usu= -
ally demonstrate poorer motor’ devetopment aind skills than slmllurly aged
“normals.” e '
With regard to' tr.nmng ten.hmques there is a posmblh&y that bnghter
students. may learn motor skills more ‘effectively than less intelligent ones

- (1) under whole rather than part learning methods, and (b) with problem
solving. methpds " rather than traditional methods. Low academic achievers .

"~ (slow learners mental retardates) require snnple e\pl.m.mons and step by

\tep prog,ressmns in motor tdsks
(I") ‘Emotions. l;motlom are a part ol most motor JLll\’lly Resear;hers

~ have considered the -effect of anxiety, stress, tension, and various motiva- -
* tional procedures on the learning and perlorm.mLe of motor skills. Anxicty

“level and ity interaction with task complexity has been dlsuussed earlier in-

this paper.-With regard to emotions in general, an optimal level exists. for
the" lcurnmg:, of any task. Stress. in the form of social presence. high incen-

" tives. and-the like, is usually a hindrance to the learning of new complex

skills. At later stages. it is of no bother or muy even fucilitate performance.
(13) Level of aspiration.! The goals established by an individual when he

" undertakes a motor task will greatly determine his achievemenl. Previous

“failures and successes determine the level one sets for himsell. It is usually -

found that hluh realistically “attainable goals produce the most fuvorable
results for the- lc.mler The implication here is” that gencral group standard

_'_»perlonnunce expeddnues as set by the teachet. {or example, are not con-

ducive ‘to a favorable learning climate. lndmduul smtus and- individually-set

" gouls should be considered.

Early” successes are ‘important to, motlvallon, in turn for Lontmumg per-
formauce, and ultimately in learning. Performance -expectancies should be

““contingent on prior personal accomplishments and potential .Jdnevement )

O

Satisfaction achieved clevates the level of aspiration which in turn increases .
the probability of. better periormame output.

(14) Autitudes. A person’s expectancy attitudes are . reluted to task per-
Ionmme When an individual has high expectancies, his perform.mtc is
positively dHCLICd Various investigators Lonuerncd with job analysis. ¢.g.,
Lawler, (1968) have, demonstrated that expectancy dtllludCS are.indications
of ‘motivation to pertorm :

Attifudes may also be. vxewed in .mother wuy lntcrest in the task; a
desire to. uclneve well, effort, @nd motivation lead to more meaninglul
practice sessions. The lcurner must have . intentions of improving his per- -
formance. Merely gomg through routines in a, haphazard and mechanieal
manner, disregarding lmport.mt cues, and demonstrating purposeless- .n,l:vny ‘
is a good ewmple of how not to master a task. One’s uttitude toward the
task at hand-is reflected in hlS Jttempt to improve lumseH and the ultimate
consequences, ’
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(15) Fears. Atthough not considered ‘in -other areas, the- psychologn..xl
fear of success has been of great concern to pay(.hldlrlsls psychologists,
-and -coaches deuhng with athletes: Some thleles have. been diaugnosed as
Being’ .Jfr.nd to stand success. or at least failing to whole-heartedly attempt
to achieve: They' deliberately injure themselves t& gain sympatly or even a
hero’s recognition, They complain of puins ‘that do not really exist. It is’

. interesting 1o speculate on how many, confronted with*any kind of task,
fear success. The added responsibility associated with achievement muy be
- looked upon us a cause of increased-anxiety.by the person. - o '
~It should.be added, of course, that.the task itself may be fear-inducing
becausé ‘of its very-nature. Gymnastic, trampolining, diving, swimming, and
other- athletic skills contain fear situations and require’safety precautions:
Militiry, vocational, ‘and driving skills.have similar elements. Fear, causing
dnxiety, is a deterrent to the learning process in such activities. )

(16) Sex dlffereuces With regard to occupational. choices. athletic en-
deavors, and task performances in general, male and {female comparisons
lead to interesting observations. Due to certain physmloglcui anatomical,
“and personality differences, performances on certain tasks are favored for
one sex over the other. However, an often under-played, variable in task
choice and .u.;ompllshmenls are social-cultural influences. Although physi-
cal fitness testing, reaction time data, and sports’ records indicate the gen-
_efal superiority of malés, females are demonstrating feats that surprise most
people. For c‘mmple some of'the women’s records, in- track and field and
swimming at the 1952 Olympic Garies were better. lh.m the men s rcc.ords
ﬁlly -two years earlier! - '

With greater social acieptance and cm.oumgemenl women c..\n .md are
demonstrating -skills fairlly” comparable with those exhibited. - by . males.
Nuturally, there are those motor tasks typically associated with females at
whu.h they excel when compired to males. Nevertheless, present research
in general | indicates that "sex differences. in’ -performance in varied motor
tasks become more apparent with . increasing age (Singer, 1969), in favor of
the boys. Into JdOlCSLane and ‘early adulthood, the separation belwcen the _

- sexes widens. s

“ (17) The aging prowss Vdnous kmds of motor skills are. .Jffec.ted in-
dissimilar fashion by the aging process, There are some vocationa) occupu-
“tions-und sports events that ‘cin’ be participated 'in’ successfully” for a great
duration of a person’s life. Olhcrs of course, cannol. Although the process
of learning may be .little affected by .Jge perform.mce vuruhles are, and
~they play an important role inoutput.

An older -person needs niore time 0 react; Lo .perceive 'quiakly and
rcspond When he can work at his own speed, and the task is self-paced
(the response “is initiated by the performer to u fixed stiniulus rulhe;' than
to’ some unpredictable “stimulus) the individual ‘is not handicapped. The
incrgused inability - to receive and trahsmit information isq_sympton'n-ol" h

[MC R .‘_.J
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.

“older age. Also, tasks requiring large amounts of strenglh, endurance, speed,

and flexibility work to his disadvantage. Complcx motor lusks, with too
much information in the display, may result in a lendemy (o pay allention
to” irrelevant information. All .these considerations indicate’ the need to

match the appropriate lusk with' the aging pcrsun for best resulls, &
- These individual-learner considerations by no means exhaust the list .of

' possible variables, but they certainly should serve as warnings as ‘(o the

O

complexity of lhe l»urnmg situation in the p%yuhomolor domain. The task

is now 1o mterprel and  identify the ways the learning process miy ‘be

<

enhancéd through the mumpulallon of env1r0nmenml wvariables.

o

Psychomotor I.'earf;iizg.' Background Material

Assuming the busis und validity of' laws or_ principles of learning, the

Jogical step is ‘to use them in the psyul*omotor domain where upplicable.
_Even research findings, not -of sufficient quality and quantity to form the
.basis of a “principle” but strong enough to indicate a trend, constitite =

aviilable supporl for action. Unl‘orlunulely this *“‘logical slcp is not as
easy as il sounds:. ;o e

In the first pluce, acceplable principles of lmmlng are usually so broad
and genemh/uble as to constitute nothing more than the obvious, Secondly,
there is..question as to the practical application of more specitic learning
principles, formulated on a conceptual basis from laboratory work in arli:

ficial situations. Gagné (1962), for one, has raised serious- doubts ..IS to the -

usefulness of learning principles for the’ training” of military skitls. ThlrdEy

and of most frustration. is the dlverse nature present reseafch (akes in Lhe_ .

various areas concerned with the .n.qmsmon of motor skills. K
On the last point, miniature models, nomenclature; “and research pm]cus

- in cach area reflect the uniqueness -of the matter dealt- with. Can ‘one’ tie
* together various approaches to the solution of how effective motor learning

occurs?. In. the early portion of this century, behaviorists and gestaltists
demonstra(cd dxslmu apprsouches to leummg formed unique <lerms; and

’ emphusued different factors. This. practice served al once Lo widen one’s

understanding: of the learning process but at the same time (o cduse toi-
fusion. As licories: developed each emphasized various aspects of” learning.
Problem-solving, the nature. of “the stimulus, perception, response, and the
nature and effect of mlervenmg variables were some ol these sources of

‘;”,;': .

emphasis.. What. with the advént of mathematical models, neuro-psycho-. -

logical- models, mformation (hcory, cybemetics, and man- -machine .dy-

namics, the problem has been. magnified (Singer, 1966). ° - o /-

Mititary and industrial psychologists talk. in terms ‘of truining luuors

RIC !
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- Knowledge of results, guidance and mslrumonal techhiques -cues in the ~
‘dlspluyi task operations, -and. job mnalysis are of busic Loguern Experi-
menlal’psyuhologlsm sllll le;, 1o wmepts of Londmomng They are -
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proucdurc and man- Lcnlercd sludylng such’ lhmgs us mslrumonul mclhods
practice variations.. habit formations. and -hypothetical constructs. called
intervening variables. Those ‘interested in operant conditioning and the
Skinnerian- approach emphasize reinforcement “and the shaping of behavior,
Information or communication theorists research the processing and irans-
“mitting of information. The standard reference s “bits,” which refers to
mlorm.mon the organism receives in a situation. hngmccnng psychologists
stress task variables and closed loop servosystems, where the main interest -
is the difference between input-output and the nature of the transmission
system. Cybernclicians compare man to a machine and provide a con-
ceptual. framework of control where feedback is of- the utmaost impbrtuncc.
Social psychologists analyze man’s behaviors in terms of attitudes, values,
social systems, and family and peer influences. Physical educators, home -
“econtomists, vocational educators, and special educators gle.m odds ind ends
from all these approaches but generally adhere to guidelines suggcslcd by
educational . psychologists. Thorndike-type laws. terms’ and rescarch 4$$0-
ciated with the period before the 1940°s and the, accompaniment of* an

. explosion of sophisticated lcarmng models und dcmgns generally make llns
group of educators ““comfortable.”

~ Each of the above-mentioned groups is mtcrcsled in skill dcvclopmenl
and modification in the psychomotor domain. The dcv.umuldnon jeonsolida-

“tion, and synthesis ol behavioral “facts” from so.many dwerse Jppl‘OJLhCS
may be beyond =feconciliation. chcrlhelcss _anyone concerned with be-
havior in"the ‘psychomotor domain in gcneml should at least attempt to
confront and resclve all . these conceptual and experiméntal approaches:
'Cerl.nnly, Berelson and Steiner (1964) must be praised for their valiant
effort to r.onstruut an inventory of SCIenllfiL ﬁndlnos ‘with rcgurd to human -
behavior.” : : —

On the othef hand it can be’ legmnmlely argued’ lhdl due to (he” umquc
complexities of ‘cach learning task area, research” and theory should be
. developed and ‘applicd to the spcc:ﬁc smulnon The present trend toward
" the formulation of mmmture models of lcurnmg, applicable to unique prob-
lems associated within the arca of intercst, confrasts with the original goals
‘of psychologists to describe-all of Iedrnmg in one theory. An attempt al
- formulating o new- tuxonomy of humdn learning, with discussions. on the
" problems relevant to the seven LdlchI'lCS representing the various types of
rescarch;” is presented by Melton (1964). In the: psychomotor domain it
“muay be necessary for the physical educator to attend to his own unique -
" problems the vocational spcuullst the same, aiid the military psychologist
hkcwnse Much, dcpcnds on the: degree to which we believe-intask-specifi-
“cily, or, for that' malter, the nature of tlie lusk (e.g.. dmrctc continuous;

serial) as a-consideration,
Slgnal detection, or v1gil.mgc 1hcory wus dcvclopcd by mlhtary psy-
_L110]0g15l9 for situations pcrlmenl to the mlhtdry lon Swels’ (1964)

JERe
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detection theory, human behavior in a variety of perceptual tasks is ana-
lyzed. Weltord (1960) forwards the single-chunuel hypothesis as an explana-
tion for the information processing of motor skills. Smith (1962) terms his
cybernetic approacn to the evaluation of man’s behavior a neurogeometric
theory. Poulton’s (1954) model is geared ror predictions in industrial work.
Fitts (1964) favors an approach to studying motor learning that contains a
framework of three types of models: communication, control system. and
adaptive. Henry (1960), u physical educator, has proposed 4 Memory Drum
Theory of Neuromotor Reaction. that deals with various aspects of motor
performance. These represent but a sumpling of diverse theoretical advance-
ments to be applied to the learning and perfonning of motor skills,

Thus the problem of task-specific or area-specific research und theory
versus a general domain approach is a real one. Evidently. those concerned
with instructional settings must consider situational specific evidence. task-
related information, as well as general behavioral knowledge. This will be
the case in the next section of this paper, where a wide range of suurces
provide the gencral guidelines as to effective instructional settings in the
psychomotor domain. .

Before reporting and interpreting research findings. the general opera-
tional framework o/ the human in performance should be analyzed. The
systems-analysis technique can be applied in an extremely general way for a
better understunding of human activity. Thus far only learner character-
istics have been discussed. From a physical point of view. the simple com-
ponents involved in a learner's processing of and responding to information
are as follows (Whiting, 1969):

i
-—— B :
' . Central " Muscuiar
' Sense Organs * ——3 .
S 9 | Mechanisms T system |
—_ e . D e —

<

The Centeal Mechanisms are further divided by Whiting in terms of
operations:

i
Perceptual __J Transiatory __ Effector
’ | Mechanisms ? !

Mechanisms | Mechanisms
___J — 1

At the functional level, the human system is represented by Whiting as
going through these processes:
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Input

-Decisién
‘Making

t

'Oufput

- Response’ activity to stirﬂuht‘iop is diagramed in a similar manner by
those ‘who' view the human organism. as an information processing system.
An individual, receives a certain amount of information (8) in a situation.’
He has to transmit /(T) this- information and respond (R), but since no
‘mechanism is perfect, information may be lost -when encoding, transmit:
ting, or decoding. chresented by diagram, the process would Jppear thusly

(Smger | %6)
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Learner characteristics, e.g., sénse acuity; stimulus selection (perception),
' dbl]llleS _skills, etc., will. influence the effective processing of and redcting to
j'lntornlatlon From stlmulatuﬁn to response, a human’ pdrtmlly funcnons
: agwrdmg to the llmlt.mons of his systems. The other niajor cons:derdllon are
situational’ vandbles (training, ledrmng, practice, environmental display=—as
“they are Lommonly referred to). The shape and nature of the stimulus and
response, the mdmpuldtlon of ledrnmg conditions, and the process of learning
are for the most part, the focal points of trainets dnd educators. For example;
the importance of feedback-from. internal or external sources is recognized by -
learning spcuallsts as a prerequisite to the quUISlllOl\ ‘of skill. Hence, the
- learmng-performance s<.hema is further extended (Smger 1966): - '

/. Stimuti é

Perception

=

Translation

—

Effector

%} Response
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Instructional Settings

-

The dpplUdLhCQ one cmplnys in the lc.xrnm;_., process may depcnd lo a

. &
Fair extent_on whether he views himsell s an educator or trainer. v the_'

'psw.homolor domain, there arc those who (.onsfdcr themsélves educators,

others who refer to themselves as trainers. Actually, [mlc real -differences
are noted between training and education. The, Ob_lCLllVCS of both ure to-
modify bch.mor ~and both are.a part of the instructional process. Instruc-

“tion involves systematic, gundc,d experiences .similar, to education and’ to

training. However, dissimilarities do exist between' these two mcthods .
Gencmlly speaking. educution is more concerned - With individual _ dif-

_ferences; with- Jong-range, effects. oftén- not mcusumble Trammg encom- /-

passes teaching pcoph, sumldr operations, and expecting uniform’ outcomes.

_ . That-is. there is less rcqpcct for individual changes. There are more shorl-, '

‘term goals in training programs. in a relative sense, than.in cdtlmuon pro-

grams. When individuafs are trained, they come-to the program “with - a
certain set of skills. The major objcdwe is to. advance most of them to a
given level of skill -at the end of a. Spccx[‘cd period of time. “For further

“clarification. of the lramlnmcduulllon issiic as well .as I'eS()le'(.h 1nform.mon

on _training lcchmqucs books by Glaser (I96 and Holdlng (1965) are .
rccommcuded : §
The psychologist views training uas lhc practical applu.auon of-that whlch

© . is -known, of learning phenomena. The study.of. processes associated with ™

learning concerifs researchers and, theorists® the applied aspects of this study .
can be seen in industry, the military, and the gymnasium. It'is often hard
to, separate the trdiner and the cducator, especially in an educatios institu-

"\ tional setting. The coucly, the industrial techiologist. the home ¢conomist,

and such appear .to be both trainers and cdiscators. They. work at. the level
of each individual but goals are'usually short- ranged and specified.

- Most of the programs in the psychomotor domain are. probably training-
oriented. ¢ *Educators™ in the psychomotor-demain will find offénse in that

statement,. T am sure. Hopefully they will only attack the statement, and

not me!) Perhaps- Schulouk (1968, p. 1t- [5) -goes tod far in his statement.
on the ngalter lhough "He writes of three classes of influence behavior in .
lcm.hmg, and libels these training, instruction, and enculturation. - In ap-
plication. “trairiing refers to lcachmg in the psychomolor area, instruction -~
to teuaching in lhe intellectual’ area and enculturation to. lc.xchm;, in the -
attitudinal area.’ Tlm overqlmpllumon of the probleme<does not alfow for -

“the probublhly that instruction can and indeed docs occur in the psycho- .- '
‘motor . domain, At any rate, the obvious intent/of any training program is

~ to reach short-term ObjCL[lVCS in as short a period of time as possible with
.~ ¢ planned sequences -of experience. The mslruclxonul setting lhercby rcpre-
TT—.zsents a combination and interdction of variables- nmnlpuluied in“such a way

([\ m[cnl mcntloncd dhove. \vnh which we wn[l bc (.onccrncd

as 10 pToduce the desired’ ou;put It'is these variables, (.onmbullng to lhc

5 B
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Instructing medns armngmg the. conditions of 1carnmn that.
“are. external. to ‘the. learner. These sconditidns ,Jgrc;d to .be con-
structed in"a stage-by-stage mshlon taking cue acgount at each’
stage of the just previously acq\ured capabilities of the learner.
tlie requirements for retention of these capabilities. and the.

* specific stimulus situation needed for the next stage in learning.

As a LOl]SCquCnLC lmlrucllon is. scen 1o be u very lnlm.ltc dnd
demanding acnvnv T

In any lcarmn;, situation, there are a host Sf external conditions lhal

can be mdlllpuldlt.d .Of first concern is lhc nature of the dlspldy

(1) Display. The  specitic learning smmllon or l.lbk the -individual is_
faced with s his dlSpldy In an cxpcnmcnml psvdmlogy luhoratory experi-

ment, the display is the equipment, cues, and task confronting the subject.
In-piloting a plane. it is represented by the flight u)ndluons and response
panei.- The external information in a given Slllmllon pertinent” or non-
pertinent to the task, represents -the stimuli 1o which the organism will
"~ probably attend. The challenge in taulllulmg learning is to modify the

‘dlspldy’ in such a way that desired outcomes are -best-met. Th evteacher or.

instructor s external to- the Sllb_]&t.[b display, but serves 4s a polcnlml

dlspl.ly modcmlor or mampulalor Cues offered by the mstruuor cun muike

- thie display casier to master for the learner.

O
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(a}, \lerely chunging the .llmosphcre t'0m ‘the prcvnous pmctlca cian

ment, performed’in the 1930's; s a classic example of' this. Several

secretaries were placed in_rooms to work under various different-

worklng conditions. Light’ |l}u1mndllon was (.Imngéd, and the girls
‘were given free lunches, rest periods, and even allowed to 80 home

carly at times. Every time a .Chunge was made. tor the .better or. -

waorse, producllon lmprovcd For example. when the rest -periods
were ‘taken away, production still increased: Evidently, motivation
was . nlwuted with - cach situational change as the girls were re-

“minded that someone was concerned with what lhcy wereé doing.
A variety of experiences and enwronmenlal modmuuons can.

© remove borcdom and induce dllcnllon and mouvauon

The’ ‘previous discussion lndlLdtCS the- ao;ml qspccm of Lhdnges in-

the display. The physical lay-out in terms of the plucement and

. nature-of cues, the means to obtain feedback, and: the actual in*

“volvement of ltn learner (active or. passive, guided or non- gLIlde)
is wore fully documented in lhc°lnemlun or perfornmme

(b) With regard 10 cues. thc visttal aspects -of lhe task display can- be

modltud in numuous ways. At mm.al fevels of motor leasning, the

.vmml modality - is dppdrmtly -of prime importance ‘in Lontnbulmg'_
. 1o sugcess. Wne,n visual, verbdl, and kinesthetic modalities arc 'com-
pared in early effect on skill acquisition. the visual sense is usually

found .to be most relevant. Therefore; .mylhmg the learncr -cuan
contribute to ‘the situation in alrcady-developeds visual abilitics,

‘(he Psychomotor Domain: Generyl Considerations 31,

prove to induce sufficiefit improvement. The” Hawthorne experi-",
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e.g.. spatial-orientation. depth-perception. (along with desirable
specific modifications in the display) will be reflected in learning
progress rates and achievement.

Gae of the problems a learner usually has when he confronts a
new learning- task, reasonably complex in nature. is to attend to
too many cues or aspects of the situation. He does not selectively
attend to the most releévant ones without experience and/or guid-
ance. A variety of cues can be and is distracting. Also. many tasks
require a continual selective cue discrimination process. A basket-
ball player in the midst of a fast-break is bombarded with count-
less, ever-changing, potentially-influencing stimuli: The dribbling of
the basketball. direction, awareness of the relative placement of
opponents and teammates. the backbcoard, the rim. the spectators
and noise. and the coach’s screams constitute some major sources
of input. Simultaneous attention to all these cues would obviously
cause a break-down in performance. High-level performance is
demonstrated in plrt .by concentration on the important cues of
the moment. disregard for irrelevant ones. and perceptual aware-
ness of possible immediate chapges in the situation. '

How does one reach that point in skill attainment? A good start-
ing point is to examine the scope of the complex activity and to
identify parts. (mini-displays) of it that can be acquired separately.
Returning to the athlete. he must go through stages of mastering
the skills that contribute to overall success.” Consequently he learns
to dribble the bill to the extent he can execute-this act at a level
not requiring conscious awareness. Shooting skills are perfected so
that they are not disturbed by defensive maneuvers. off-balance
positioning, crowd noise. and so on. Proficiency in mini-displays
and combined display experience leads to overall competency.

A mini-display can be left as it is in the ’‘real’” situation or modi-
fied according to emphasized desirable cues. In summarizing re-
search, it has been concluded (Singer, 1968):

Oftentimes certain visual cues are emphasized or artificial ones
introduced in order to promote the:learning of various skills.
Sport examples of the artificial visual cues are found in (1)
basketball, where spots or marks on the backboard provide
specific points at which to aimn for backboard shots: (2) arch-
ery. vk ere sometimes the point-of-aim method is employed (a
marker placed before the target is sighted upon); and (3)
bowling, where the spot method of aiming is often used (a
spot placed on the alley is aimed at.instead of the pins).

" Artificlal visual cues are used either as an initial learning tech-

nique, to be disregarded later, or -as a continual performance
aid. Although research is scattered and inconclusive on the
_value of these techniques. it does appear as if many of them
“are of value in fulfilling certain objectives. Theoretically ana-
lyzing the problem, specific and precise visual cues are easier
to attend to than general vague ones. Furthermore, nearer
cues should be easier to aim for than those more removed.
However.-not all learners will benefit equally from the iden-
tical cues in the same task.

=}
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Most of the.work in the arrangement of displays, can be found in
the industrial and aviational psychology literature. Simphifying dis-
plays and rearranging them so that the perceptual information is
more obvious and easier to attend to naturally results in greater
insight into the task .In a study by Belbin and Hill {1957), work-
ers on complicated clotihh weaves were subjected to special tech-
niques of training. Essentially it was discovered that an inadequate
.number of visual cues were present in the task. By reconstructing
the task so that the weaves were enlarged, the cues were more
visible. With improvement in performance, the displuy wuas once
again placed into its original dimensions. The efficiency of this
technique was demonstrated _in the study as well as some subse-
quent research. {

(¢) Besides the importance of cue arrangement in the display for
. understanding the task, viswal feedback functions to motivate, rein-

s force, and direct behavior. In most tasks, a person can see how he
has done. In other ones, visual feedback is withheld or distorted.
As is the case with all forms of feedback, immediate and accurate
returns are desirable. Visual task cues, when compared to verbal
and kinesthetic ones under systems of withholding or emphasizing
have often been found to be the most benetficial to skill acquisi-
tion. Theretore, motor tasks should contain visual information on
performance returns (seeing the results of one's operations) as well
as clear and specific visual cues for information processing.

(d) Finally, displays have been adapted from real situations to arti-
ficial ones. In many industrial, military, and vehicle operation
tasks, equipment is expensive and an eiement of danger may be

- present. Simulated equipment permits the training of large num-
" hers of individuals who otherwise might not have.the opportunity
to learn. Devices are thus made specially to simulate, to a certain
extent. the actual performance conditions or, perhaps, to prepare
the individual tor the actual task via emphasized au’io-visual or -
tactile and kinesthetic cues. ) . o
These devices have been gj‘utegorized according to their primary
functions. A’ trainer is usually used as an aid in prompting cues
nccessary for the learning of a skill. Films or specially designed
equipment help the learner to gain greater insight into the nature
of .the real task, although they generally do not simulate it. The
purpose of a simulator is to provide simulated practice on the skill
in the way it is to be generally performed (e.g., see Travers, 1963).
For instance, in many parts of the country it is impossible to play
golf all year. However, the Electronic Golf Range, developed by
~  Brunswick, provides realistic golfing conditions. Regulation woods,
irons, and balls are used with this computerized apparatus, which
simulates 4 golf course and true playing conditions. Golfers can
improve theil strokes, have the opportunity to play when outdoor
weather does not permit it, and enjoy the competitiveness and
reality of the golfing situation. Fake plane cockpits, automobile
controls, and machinery displays may serve as sitnulators or train-
ers. :

(2) Practice considerations. Not only can the display be manipulated to

Q . /
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the benetit of the learner, but practice conditions may be specified as well.
There are so many variables that a mere brief description is all that is
possible in this paper. Most of these consideiations are “old-hat™ to
psychologists. That is, they have been investigated trom angles throughout
the century, theories nave arisen, and still disagreement exists on many
crucial issues. Generally research indicates the following:

(1) A skill may be practiced continuously (massed conditions) or with
rest pauses or interpolated skill learnings (distributed pructice).
For most skills, distributed practice exerts a more positive influ-
ence on performance than massed practice. This is evident. for
although immediate skill acquisition is favored under distributed
‘practice. tests of retention demonstrate little difference in per-
formance between initially massed and distributed practice groups.

b} Practice alone is not sutficient for improvemen“t. Without Anowl-
edge of results, learner’s interest and attention, meaningfulness of
the task to the learrer, understanding of goals, intent-to learn,
readiness to learn. and some degree of relationship of practice
conditions to real \.ondmons pmutxcz for all practical purposes is
wasted. .

(¢) Overlearning. or practicing past a ¢ ilcrion, results in better reten-
tion of that which has been learned.

/ (d) Better learned skills are less proae to be disrupted by manipulated

f environmental conditions. Varying instructional or stressful condi-

‘ tions are more mﬂuentml during the initial and unstable stages of
learning,

(e) Positive renforcement is a form of reward and it increases the
prob.bkility of the desired act to occur. Random reinforcement is a
more coffective continual form of motivation than constant -rein-
forcement.

(f) Very high motivation impedes progress in complex tasks. Highest
performance is attained by individuals with intermediatg motiva-
tion or drive. and uas tasks ircrease in complexily, individuals with
moderate motivation do better: Evidently. taere is an optimal mo-
tivational level for each task.

(g) Reasonably hard. specific, but attainable goals produce better per-
formance thun eusy goals- or a general goal to do one's best
(Locke, 1968).

(h) Behavior is influenced by previous expetiznces. Greater resems
blance between task elements, between their rgspcclive stimuli and
responses, results in a greater amount of positive transfer. Transfer
is influenced by such factors as amount of prictice on the prior
task. motivation to transfer skill, method of training, ard intent to
transrer.

(3) "Practice conditions. The general practice considerations just men-
tioned. although based on research in the motor skills area. can also easily
be applied to the learning of any muatter. The list. of course,.could be

O
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extended considerably. Let us examine at more dcplh some ot the unique
conditions associated with motor skills.

(a1 First of ol motor skills are usualy retained better und longer than

the feavning of other matter, {t could be because there are less
competing responses for them, they are over-practiced, and they
are more important and meaningful to the tearner. When the
motor skills to be learned become more abstract and non-meaning-
tul. the retention curve resembles that of verbul or written matter,

(b In the area of knowledge of results (or feedback). various Kinds

have been identified (see Figure 9). Information provided to the
performer during and after his execution of an act, from internal
and/or external sources, constitutes knowledge of results. Gener-
ally spueuaking, knowludgc of one’s performance oulcomes may . take,
two directions: as ‘action feedback or learning teedback (Miller,
1953). Action feedback provides information on the adequacy of
the individual’s responses in the given situation but learning feed-
back goes a step further; 1t presumably enables the person to cope
with' the task more effcctively. He actually learns how to adjust
his responses in future similar situations.

The categories of khowledge of results (KR) ermerated by Hold-
ing (1965) in Figure 7 are most useful in understanding the varni-
ous dimensions of KR. In realistic situations, the learner is pro-
vided with” some form of ingringsic KR with regard to his perfor-
mance. Proprioceptive activity and the tactile senses inform him as
to “feel”™ of the response. Visual feedback indicates accuracy in
accomplishment, oAreiyicial KR, also referrd to as augmented KR,
IS mcorpnrulcd)into the Jearning situation when special cues are

'KNOWLEDGE OF RESULTS

N

I 1
INTRINSIC ARTIFICIAL
[ I LEARNING
CONCURRENT TERMINAL
IMMEDIATE DELAYED

-
-

ACTION NON-VERBAL VERBAL

SEPARATE ACCUMULATED

Figure 7. Different Kinds of Knowledge of Results. {(From Holding, 1965).
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added. Comments by an outsider or'supplcmcnlury artificial visual
and Kinesthetic cues may facilitate the carly acquisition of a skill.

. There is danger. however. in the learner relying too heavily on

augmented KR. In the real task, once artitivial KR is removed. the
effects may be quite detrimental, Therefore. artificial information
must be applied with caution, it it is to be used at all

Artificial KR may be supplied during the task or at its completion.
Concurrent KR and termingl KR are both useful sources of in-
formation to the. learner. Assuming the value of immediacy in
reinforcement, concurrent information should be of more value in
some tasks, terminal KR in others. Much depends on the nature of
the task. Although there is debate over the relative effects of
various terminal delays in KR on performance, one conclusion
appears to be sure: it must be provided before the next response
is made, for most effective results. During concurrent KR. any
delay will be disruptive. Hence | immediate and delayed KR must
be considered in the context of concurrent or terminal feedback,

Verbul. and non-verbal KR have been shown to improve skill ac- -
quisition. [t was mentioned previously under the topic of “Dis-
play ™ that a comparison of kinesthetic, visual, and verbal cues
usually leads one to place least importance on verbal cues of the
three avenues of information feedback. Nevertheless, verbal com-
ments serve to motivate, direct, and reinforve actions. The nature
of verbul KR must be viewad in relation to the learning level of
the individual and the complexity of the task.

Various guidunce, demonstration, and instrictional techniques have
been used in combination or alone in an attempt to improve the
conditions under which one acquires motor skills. Verbal guidance
is important for direction. although an early study and practical
experience enables us to realize that too much . talk or complex
instructions will handicap learning in the initial stages. Manual
guidance, or external manipulation of the passive learner on the
part of the teacher. may prove beneticial. This procedure familiar-
izes the Jearner with apnr» ses. 1L activates the pro-
prioceptors involved ~-avity and provides the learner with a
“feel™ of the appropriate movement,

Demonstrations by experts.in person or on film. direct the learper
to the desired objectives of the task. Seeing what is ultimately

“expected of the learner helps to yield mental images associated

witl. motor performance. When objectives are clarified and speci-
fice.. consequent attempts at attaining them become more purpose-
tul and effective,

Instructional techniques encompass so many possibilities that it
wotlld be unreasonable to expect to do justice to them here.
Nevercheless, the following include some of the variables of con-
sequence in human performance,

Motion pictures. loopfilms. pictured representation of the tuask,
video tape. tachistoscopes. and other visual aids have been em-
ployed in the research with varying degrees of success. Musival
accompantment to the learning and performance of industrial tasks
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and athletic skills have also yiélded' inconclusive effects _on’n;luxu-
7tion, motivation/stimulation, rhylhr'n‘devclopn]enl_,., or for other
specially dee:gncd purposes. .-

‘Whole and Ppart tec.hmques of instruction (pm(.[u.mg lht. lask in Jls .
entirety or fractionating it for practice purposes) have’ influenced

outcomes depending on the nature of the task. Recent efforts by

identify task complexity and task organization (interrelationship of
parts) as dimensional considerations. One of the important con-

- clusions is that tasks high in complexity and low in organization
will be best favored under part-practice conditions and vice- versa.

Mental rehearsa! (concepiualization, self-verbalization, mental pmc.-
tice, covert- practice, mental imagery) of a motor skill has been-
verified lhrough substantial research findings -as an aid in learning.®

The teaching of mechanica) or other principles prior to task learn-
ing in the hope of generalizable transfer to situations where they
are applicable has somctimes proven to be an aid; othertimes not.
Consideration must be given to.the learner’s understandmg and
dblll[y to apply thesé. principles, among other factors,

In the area of bilateral transfer or cross- -education, studies indicate’
the generalization efféct of responses.-For anmple -a limb trained
in a task for 1edrmng or strength outcomes improves the perfor-
mance of the “non-practiced” corresponding limb. The sequence.

or order in which tasks _are lcarned may cffect total performance -
© outcomes, as is the case with verbal’ matenal At least one re-

searcher (S_ngr, 1968) dealing with realistic motor skills has not

" found the sequential order ‘of learning tasks to makc any appre-

ciable difference. Also-on the topic of transfer, intra-task difficulty
has been-investigated witlr conflicting results reported.- Should indi-
viduals be' taught a series of tasks leading from the simple to the
most  difficult or vice-versa? In an .archery “experiment, it way
found that such progressions made hllle differential puformanw
outcomes with college students (Smger 19606). -

Since most motor.skills require speed and au_umc.y, lhmc variables
are of special concern when training students. It would appear that

“‘the oft-employed prouss of s]owmg down responses m order to -

concentrate on-initial accuracy ' is a questionabte procediree if both
speed and accuracy are equally-contributing factors to proficiency.
Practice should simulate actual conditions. ‘Exceptions are made
‘when the learner demonstrates a special necd for-a particular em-
phasis on one variable or the other.

One of the _mujo'r ‘broad issues is whether or not practice Should '
“proceed in a trial and error method or with crrors minimized.

There are those who believe the individual’ learns from his mistakes
and that all possible responses, correct or mc.orreLl should be

: cm.oumged in a situation. Oihers uphold the.Skinnerian approach

1 “shaping’ behavior. Based on techniques employcd in teaching

- mac.hmu. or programmed texts. simple: material is “acquired first
‘before the learner can go on to more complex/endcavors, The

[+ ‘ . .
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“Naylor and Briggs (1963) have helped to - clarify the issue. They - '
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learner cannot proceed until each step is mastered. : Errors are
omitted or at least minimized. :

Reseacchers have compared traditional and programmed instruc-
tional ditferences in classroom settings where “academic™ matter is
learned. Usually. no performance distinctions are noted or else
students subjected to progrumimed techniques fare better on writ-
ten tests purported to measure content mastery. A much greater
obstacle exists 1n attempting to design similar-experiments in the
psychomotor domain. How to program the learning of motor skills
is a challenge to educators. trainers, -nd researchers. An attempt
wias made by Newman and Singer (1968) who found little per-
formance differences in beginning tennis players taught by tradi-
tional and programmed’ procedures. However, it was speculated
that with a longer duration of the experimental period. the pro-
grammed method might have proved to be more effective.
Theoretically. the issue is whether errors or inappropriate re-
sponses will be beneficial in the leaming process, or detrimental, as
they miay be perpetuated and stabilized., Logical retorts could be
offered in favor of either stand. Although one might not believe in
too rigid an approach in trying to omit errors, Skinner's (1968)
suggestion to teach the learner to discriminate between good and
bad form before embarking on the task sounds reasonable. What
follows js automatic seli-reinforcement when desired responses oc-
cur, Furthermore, he states that reinforcement:should be made
immediately contingent upon successful résponses. With the cur-
rent enthusiasm in programmed techniques for written matter and
numerous books on operant conditioning (a la Skinner) presently
being published. such implications for motor learning should be
seriously analyzed. ’

Future Directions.

The psychomotor domain is wide open for research to answer the many
unresolved pronlems. Psychological literature is replete with verbal learning
investigations and the study of lower forms of organisms. Satisfactory ap-
plicable research findings are needed to provide a better understanding of
the learning process involved in the acquisition of mogor skills used _so
often in daily routines. ’ :

For instance. information processing specialists have determined the
uumber ol “'bits.” or information. that can be handled or processed at one
time with regard to written matter or stimuli offered through a particular
sense modality. Knowledge of the channel capacity of -a learner could cer-
tainly muake motor learning more functional and efficient. If the channel
capacity of the person learning a motor skill could be determined, the ideal
amount of information would be presented to him at one time. resulting in
the most productive learning situation.

Social situations -cooperation. competition. and the presence of an
audience exert influence on the acquisition of skill. Often motor learnings
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occur realistically in such settings. Working alone or in a teamwork opera-
tion may result in dissimilar performance.

The nature of psychomotor abilities and their relation to skill acquisi-
tion must be better defined. As Roberts (1968-69, p. 18) writes. “the
available evidence tends to support the notion that relationships between
abilities, lea.ning performance. and the practice stage variable are multi-
dimensionul and therefore complex.” Roberts, concerned with the practical
applications of research primarily undertaken in the laboratory. asks u few
questions that are pertinent here. Can a person’s abilities be reliibly and
validly ussessed? What abilities are needed for success in each tusk? Can
weak abilities be identified, and can specialized training of a remedial na-
ture improve the chances for succeeding in a given skill?

Certainly many other problematical areas can be identificd und questions
raised. The problems are great but n.st insurmountable, There is little doubt
that media specialists will play a large role in the future in enubling learners
of motor skills to gain more efficient and effective ways “of reuaching their
gouls. (1) They can provide the ideal models for the learner to emulate. (2)
Task simulation will help those deficient in aspects of performance or those
interested in maintaining performance levels. (3) Also, cueing prior to and
during the execution of a skill or series of skills constitutes another pos-
sible function of media. These obvious services will hopefully be realized as
well us the many untouched applications of media to the mastery of move-
ment behaviors.

"
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- The C]asmﬁcatnon of Educatlonal ObJectlves
'In the Psychomotor Domam

B

.L/zvabct/z J. Simpson - S o o
) Umtud Stdtu Office of hdumllon . ST

Threc L]ds‘:\flLdtl()n systems for cduuuondl objectives- one .in the Lo;,‘
nitive domain, a second in the .|!lcd|vc domain, und a third in the psycho-
motor domain--have been developed us. tools for writing and analyzing
“educational - objectives. 1t must be emphasized -that these are tools to be
used with educdtional Ubj/.’(‘lll’(,’ ’Ihcv were not m!ended as f()uls for clas-
sifying behaviors per sc. : d : :

With respect to the psych()motor donmm some have tried to use lhc.
classification schema to clussify all sorts of .motor -acts. There are syslems )
for lesslfymg, motor acts, and these- arg extremely valuable but the system

.presented in this chapter is for classilying educational objectives which™ *

~emphasize snmc muscular or motor skill, some manipulation of material
and objects.. or-some act which requires neuromuscular coordination. Thcsc
.objectives are stulcd in terms. of abilities and skills. .
= - There'is a way m which the usefulnéss of the classification systelm can
be broadencd. They can be employed in developing dnd/un.lly/mg learning
‘experienices or rcudung strategies.. The classification systems were used in
this way in a home cconomics wrnullum dcvclopmenl pchu al the Uni-
versity of Iilmom . . .

© Purposes of the Schema for Classtj’ing Educational Objectives

The Taxonomy of Educational Objectives. Cognitive Domain (Bloom et

al., 1956), pr(ividcd for classification of c'duLdliondl goals which deal with "~

© i the recall or récognition of knowledge and the dcvclnpmcnl of intellectual
_abilitiés and skills. Briefly, lhc purp()ses of lhc tdx()nomy as glvcn by its
unguhnurs are-the following: " , .

N Iiluum, Benjumin S Max D, lm,c'llmrl ldw.er Furst, Walter ‘IL 'E'lill .md'
Duvid R. Krathwohl, Taxononiy. of Educationdt Objeciives, IIm;dbooA 1, Cogmtwc..
Domain. Duvid McKay (qmp.my Inc., New York, ‘)56 PP, l 3. :
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3

1. To help teachers, administrators, professional specialists and

rescarch  workers who deal with curricular and evaluation

o problems to discuss their problems with greater precision:

2. To facilitate the exchange of information about curricular
: developments and cevaluation devices:

2. To suggest the kinds of nh|cd|vu that can be included in a
curriculum; .

4. To help teachers and others to gain a perspective on the em-
phasis given to certain behaviors by a particular set of educa-
tional plans;

5. To help curricalum builders m speciy objectives <o that it
becomes easier to plan learning experiences and prcp.lrc evitlu-
ation devices.

The purposes of the taxonomy as set torth in the handbook on the
cognitive domain are applicable to the classification systems tor all of the
domuins. And, as was stated previously, the systems may he used in de-

~veloping and analyzing learning experiences as well ay objectives and, prob-

ably. could be-applied to the development and analyses of content, lc..u.h
ing aids and facilities. and means of evaluation,

Need for Classification Svstent for Idm ational Objectives, Psy Immumr
Domain

Those who proposed taxonomies of educational objectives for the cog-
nitive and affective domains indicated that they had no special interest in
the development of a classitication system for edtyﬁulinnul objectives in the
psychomotor domain. They stated that, “Although we recognize the exis-
tence of this domain, we find so little done about it in secondary schools
or colleges, that we do not believe the development of a classification of
these ubjectives would be very useful at present.”? Latér statements made
by those who gave leadership to development of the first two taxonomies
of educational vbjectives gave no evidence of a change in interest or intent
with respect to development of the third.

Having made rather extenisive use of the first two taxonomies of cduw-
tional objectives, the author felt u serious lack in not having a classification
system for educational objectives in the psychomogor domain for use in the
development of curriculum materials and as a basis for evaluation of edu-
cational outcomes.

The psychomotor domain has relevance for education in general as well
as for such areas of specialization as industrial education, agriculture, home
economics, business education, music, art, and physical education. Edu-
cators in the field of vocational and technical ,education have a keen in-
terest”in a classification systems for educational objectives in this domain
because many technical jobs require a high degree of ability and skill in the
psychomotor domain as well as in the cognitive and affective areas.

. / /
2. 1hid., pp. 7K.
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‘A classification system for psychomotor objectives has all of the ad-

e vantages of the classification systems for the other domains: it can be of

use i rescarch on teaching for the development of motor abilities and

skills: teachers and corriculum makers can make use of it to communicate

more casily with those they serve. Perhaps the greatest benefit lies in the

rounding out of the three domains, thus permiving a more comprehensive

study of the total field of objectives. A second order of benefits results

from the ability to design educational programs which are sensitive to the

full range of objectives impacting on the learmner and tie instructional set-
ting.

Difficulties Inhierent in tic Task )

Preliminary investigations with respect to the development ot a classi-
fication” system for educational objectives’ in the psychomotor domain led
to the conclusion that there i< a hierarchy among the three domains, The
cognitive domgin, though certainly very complex. is in a sense. somewhat
“purer” than the other two domains, That is. cognition can take place with
a minimum of motor actiyity. Also, feeling may not be greatly involved
although it would scem reasonable to assume some ‘dégree ot attect. The
alfective domain necessarily involves considerable cognition ss well as feel-
ing. A1d, the psychomotor domain, as implied in the very name. invotves
cognitien ulsd motor activity, as well as affective coniponents involved in
the willingness to act. The increasingly strong involvement of all three
domaius.. from the cogritive to the aftective to the psychomotor. results i
a special problém of complexity in developing a classification system for
this last domain, '

Preliminary investigaiions also revealed another problem that of render-
ing the system taxonomic. A classification system that is not taxonomic
would have merit in the study -of educstionsl objectives, But. one that is
taxononue should prove more valuable in determining the relative ditficulty
of achieving the objectives and as an aid in determining sequence of leamn-
ing experiences. The problem was one of arriving at a basis for deterntining
dre relative difficulty or amount of skill involved in achieving educational
objectives concerned with motor activity.” '

«

PROCEDURLES

In developing the classitication system tor eduegtional” objectives in the
psychomotor domain, the approach taken was an exploratory one. General
procedures were outlined. but these were deliberately left flexible. accomo-
dative. and “‘open.”

The disadvantage of such an approach is the possibility of some loss of
time and energy in-pursuing the objective: that is. this approach muay he

Q ewhat lucking in efficiency. On the other hund, it avoids the narrow
ERIC
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restrictiveness of a more cut-and-dried approach. 1t opens the way for the
possibilittes ol greater creativeness, '

Work undertaken during 1964-65 under a small grant from the Burean
of Educational Research, University ot Hlinois. consisted mainly of library
research. conferences with scholars in educational psychology and the sut-
ject ‘areas concerned with psychonmotor objectives. and soute anaiyvsis of
motor activities related to educational objectives. Sultice to say. the work
did give the investigator some contidence that the general procedural plan
being followed might be a fruitful one. General procedures included the ®
tollowing:

oo A comprehiensive review of related literature, especially of any
that described wavs of classitying psychomotor activities and.
hence, suggested  possibilities Tor classifying the educational
objectives of this domain.

2. Collecting and analyzing the behavioral objectives of this do-

marn as one way of gaining insight regarding a possible Classifi-

conon system, ] - .

oratory analyses ot certain tasks (o discover by observa-
ton and introspection the nature ofsthe psychomotor activity
mvolve 1. These analyses wege carried out by the research as

Sstants on the project who had read widely in the area hc!orc

attempting the analyses

4. Conferences with \dmldrx who huave \pcudh/cd knowledge of
the nature of psycMomotor activity, development of classifica-
ton systems tor educational objectives, and of the areas of
study  where educational objectives in the psychomotor do-
nain 4re of paroung concern, -

-

oo

From the beginning. il'% readily apparent that. it the clossification
systeme were to be taxounomic in form, an “organizing privciple” would
have 1o be found. This question was one that the investigators kept in
mind as work progressed.

Ascertaining what objectives “1it™ in this domain was ¢ carly concern,

/7The detinition given in the Taxonomv of Educational Objectives, Aj/umv

Domain?® served as o guide: Psychomotor objectives are those which “em
phasize some muscular or motor skill. some manipulation ot material and
objects, or some act which requires a nearomuscular coordination.”

Examples which were checked and approved by specialists in the subject
fields involved. as belonging in the psychomotor domain. were:

Didustrial Arts

I, To develop skill in precision surtace grinding operations
2. To develop skill in setting-up and operating a production drill
proess

Y Krathv olil, David R.. Benjamin S, Bloom. and Bertram B, Misia, Taxonomy of
Fducational Objectives, Handbook H. Affective Domain. David McKay Company . Inc:.
New York, 1964, p. 7.

¢

RIC B

Aruitoxt provided by Eic:



5 3. To develop slull in setting-up and operating a produuon band
S4w i
Agriculture
4. To develop sklll in using an instrument \lmnl.nr to a syringe in
©. penetrating a peach to extract a- ‘measured atount of juice
and pulp to determine spray residue
5. To develop abiity-to pollinate an ouat flower which involves
using tweezers to open palea to place pollen on the stumen
= 6. To develop munipulative skill in debeaking a chick
7.+ To develop .bility to place flowers on desired foundation
based wn a preconceived ideal with regard to a particular ar-
rangenient '
Home Economics : /
8. To develop skill in;draping material to fit a certain bodyc
proportion with a particular preconceived design-
Y. To develop skill in designing a flat pattern which can be used
.10 make a garment
i0. To develop behly to wh\p/cgg whites to thclr maximum vol-
tume %
/
Music
I'l. To develop correct arm. hand. and finger positions in holding
and playing a violin in response to aural cues
12. To develop ;}bilily of u student to play his part in a synchro-
nired wid balanced way with a group of students in the pro-
.duction of 4 piece of music =
13, To develop ability in directing a musical group so that each move-
ment has -the same interpretation to each person in the group
4. To'develop ability to produce the required amnount of lip and

>3
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B

breath control to achieve the desired duration: volume and
character of a note on a French horn : ‘

* Physical Education

t5.

Art

To develop ability to maneuver and control one’s body in
propelling the body upward through the air as in high jumping
To develop ability to maintain proper stance und execute tol-
low-through of movement after hitting a golf bd"

To develop ability to draw a bow and hold that®position while
aiming arrow

To develop ubility to throw a ball a dc\md dhl.mw to a
desired piace

To develop ability te sketeh a figure and costume it with the
desired clothing design

To develop ability in. manipulating a shuttle in weaving tabric
on i loom - e

"+ How the foregoing objectives are stated may concern some. Most are

ERIC
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fairly broad and encompass a number of more limited behavioral objectives.
The concern at this point was with' defining clearly this domain of educa-
tional objectives; the examples contributed to the purpose.

It was not always an casy task to determine whether a given objective
was primarilv of one type (cognitive. affective, psychomotor) or unother.
One problem waus related to type of performance culled for in the objec-
tive. The concern of the project in developing the clussification system was
performangce ‘ot a particular sort. ‘that involving motor activity. But. per-
formance may be almost wholly of a cognitive type and, although at this
point of time with reference to the project it seems a bit strunge, confusion
sometimes resulted from unceriainty regarding- the primary nature of lhe
activity involved in an objective.

Another problem, one that is frequently encounlered in analyzing edu-
cational objectives in all three domains, had to do with the lack of speci-
ficity of objectives as given in many curriculum guides. Thit is, many that

certainly involved a great deal of motor activity, almost equally also in-

volved the other domains.” These were broad objectives, such as: Ability to
give a successful party. Ability to conduct a meeting. Ability to conduct a

play period for smatl children. The investigators finally conctuded that

these were in an “action-pattern™ domain, hence beyond and enu)mp.mmg
tlve other three domains.

Certain definitions were arrived at as ones that would be usetul in-com-
municating regarding the psychomotor domain. These were as follows:

uuditory pertaining to heuring or the sense or orguns of hearing.

auditory cues volumne, pitch. timbre, distance, pattern of sounds. -

cues —a stimulus which serves as a sign or signal of something else, the
connection having been previously-learned.

cue selection -deciding what cues one must respond to in order to
satisfy the particular requirements of task performance.

emotional set readiness in terms of .Jlmudes favorahle lo the motor
acts tuking place.

fine motor acts - those that are pertormed by small muscles, especially
of the fingers,” hand and forcarm, frequently involving eye-hand
coordination.

gross motor acts  those mvolvmg the large muscle groups of the body,
especidlly of the shoulders, trunk, and legs.

kinesthetic the muscle sense; pertaining to sensitivity from activation
of receptors in muscles tendons, and joints.

mechanism g habitual way of responding. :

mental ser readiness. in the mental sense, to perform a certain motor
act.

percention  the process of becoming aware of objects, qualities, or rela-
tions by way of sense orgians.

physical set readiness in the sense of having made thé anatomical and
postural adjustments necessary for the motor act to take place.

psschomotor objectives those which emphasize some muscular or
motor skill, some manipulation of material and objects, or some

RIC
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act which requires a neuromuscular coordination, These objectives
are stated in terms of abilities und skills, - :

readiness to respond set Lo produce an overt behaviorual act.

reflex action an act, as a movement, performed involuntarily in con-
sequence of u nervous impulse trunsmitted inward trom a receptor,
or sense organ. to a nerve center and outward to an effector, as a
muscie or gland. )

response overt behavioral act of an individual.

sensory stimulation impingement of a stimulus -upon one or more of
the sense orguns,

setoa prep.nmlory adjustment or readiness for a p.xrlluulur l\md of ac-
tion or experience.

smell to perceive by excitation of the olfuctory nerves. .

smell cues (odors) ethereal, such as fruity -lemon: fragrance . as violet:
burned. as tar; pulrid. as bud -fish: resinous, uas pine: spicy.
cloves.,

stimulus. the source of energy which affects a sense organ: wh.u the
behavior is responding to in a situation.

tactile pertaining to the sense of touch. /

tactile cues texture, temperature, shupe, size. pressure. position, state
of motion. weight. '

taste - ascertaining the relish or tluvor by tauking some into the mouth.

taste cues saltiness, sourness, bitterness, sweethess.

translution process process of reluting perception to action.

visual concerned with the mental pictures or images obtained through
the eyes,

visual cues--color, spatial relutions. shape (line. form. size), molion,
light and shade.

Assistunts on the project attempted to determine exactly what happens

in what sequence when one is working toward the uachievement of un
objective in this domain. Two examples of the detuils of these efforts
follow:

O

OBJECTIVE SEQUENCE OF ACTION

IN CARRYING OQUT TASK

A. Ability to stuck a tray. 1. Perception
. ) Visual, tactile and kinesthetic
: _ 2. Set
3. Response
Reudiness
Selection of rcxponxc
Imitation
Gross muscular activity
. Mechanisin response is learned
. Complex overl response
Resolution of uncertainty
Automatic performance a
B. Ability to carry a lurge tray. 1. Perception /
© 112 Visual

[ N
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o/ ; : . ' ‘2..Scl - =
Co o 2.10 Mental set
. 2.1 1 Discriminatjon
o o o220 l’hysicul set .
21 Receptor Set’
2 22 Postural set
. Response
-3.10 Readiness lo rcspond
3.20 Selection of response
-3.21 Imitation .
3.22 Trial and error -
4, Mechanism,~ledarned response
5. Complex overt response
5.10 Resolution of unu,rt.nnly
5.20 Aulomulu. pcrform.xm.c

'.a)

As lhc dcsmbcd prou,durm were bcmg Larrlcd out, a number of at-
tempts at the development of a -useable classification system_were beirig
made. Finally, a useable schema was achieved. Feedback from a number of
interested persons’ after. publicut_ion of the initial report in the llinois
Teacher of Home Economics® and presentation at a number of cducation
«conferences, .in addition to conferences with some scholers not prcviously _
consulted, resulted in some rcvmon of the schema and some tlwught as to -
possible further revision.

Thc present form of the LlJSSerJllOn syslcm is herewnh prcscnlcd

. ; .

B The Sc/zema for Classx/ymg l:ducanonal Objecnves in the P\ychomotor B
A Domam ;

.

Thc major organizational: principlc operaling is that of complexity with.
attention to the sequence involved in the performance of a motor act.” That
is, ob]ectlvcs that would be clussified at the lower levels are less t.omplcx in
nature than related ob]cctlvcs at upper levels. ln general, they are easier to
carry out. And, those at the upper levels build on rhosc at the lower.

10 l’euep!wn»ﬂns is an essential first" step in pt.rformmg a- motor - -
Jact. It is the process of becoming aware of objects, qualities, or
refations by way of the sense organs. It is 4 necessary but. not

o sufficient condition for motor activity. It is basic in the situation-
interpretation-action chain leading to motor activity. The category
- of perception has been divided into three subcategories indicating
three different levels of the perception process. This level 'is a-
parallel of the first. c..m,gory, rec,elvmg or attending, in tlu, affec-

tive dom.nn : . o S

1.1 Senmry s!mmlu!um»Impmgemunl of u stimulus upon one or’

more of th sense organs.
& ‘\4 o ‘/

- 4, blmp\on Elizabeth Jam “The CIJS\l'an(lon of ldun..mon.ll ObjLLllVC\. Psycho- ’
.motor’ Domain,” Illumlv I‘eacher of Home Iconomws Vol. X, No 4, pp. 110- l44

r . . . A ! . ’ e
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Il Auditory~Hearing or the sense of ‘organs of heuring.

112 Visual - Conu_rnc.d with the . mental pictures or images

. Obtained through the eyes: - .

113 7Tuetile-Pertaining to the sense of toun.h

l.,l4 Taste--Determine the relish or {lavor of by ldkmg a por-
_tion into the mouth,

l.l: Smeti-To perceive by excitation of tllc olfuctory nerves.

1.16 Kinesthetic-The ‘muscle sense: pertaining to sensitivity
from activation of receplors in muscles, tendons, and

I “joints.

1.1 Seusory mmulauon—llluslrul:vc educational objectives.
Sensitivity to dudllory cues in playing a musical instrument as

a member of a grovp. _ .
Awareness of differencein “lmnd" of various fabrics.
Sensitivity to flavors in seasoning food. - ’

o - : :
The preceding categories ure not presented in any special order of im-

- periance, although, in Western. cultures, the visual cues ere said to have .

-dominance, whereas in some cultures, the auditory and tactile ulcs may

pre-empt the high position we give the visual. Probably no sensible ordering

“of -these is possible at this time. It should also be pointed out that “the

cues that guide action may change for a particular motor activity as leurn-
ing progresses (e.g.. kmc%llu.nc cues replacing visual cues). o '

1.2 Cue selectivn-Deciding 10 what cues one “nust respond. in

. mance. This involves identification” of the .cue or cues .md~

o

[*¥}

5. Loree,
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order” to satisfy. the' particular requirements of task perfor-

associating them with the task to be performed..
"It may involve grouping of cues in terms of past experience
and knowledge. Cues relevant to the situation are selected us a
guide to action; irrelevant cues are ignored or discarded. .

1.2 Cue selection ~llustrative educational objectives.

Recognition of operating diffictilities with machinery through

the sound .ot the machine in operut’ion
Sensing where the needlé: should be set in bngmmng machine
stitching.

Recognizing factors lo take: mlo au.ounl in b.mmg m a sofl-

ball game.

Translation - Relating of erLLp[lon lo “action in pt.rlormmg a
motor act. This is the mental progess of determining the

meaning-of the cues received for action. It involves symbolic

translation, thaf is, having an’ image or being reminded of

something.. “having an idea.” ‘as a, result of cues received. It

may involve ms:ghl which is essential in solving 4 problem
through perceiving .the relationships essential to solution. Sen-
sory translation is an aspect of this level. It mvolveq “feed-
back,” that is, knowledge of the effects of the prou.ss Trans:
vl.mon is a c.onlmuous part of the motor ac.l being perlormed

'Ruy.- Cqrrespondence with investigulor.'lune; 1965.
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- 1.3 Transfution -Mustrative educational objectives.
“Ability to relate music-10 dance form.
Ability to tollow a rcupc in preparing food.
Knowledge of the ‘*‘feel” of operating a sewing mdclnnc suc- .
cessfully and use of lhls knowlcdgc as 4 gnide 1n stitching,

Set- Set-is a preparatory ddjustmcm or rc‘tdmess for a parmuldr
kind of action or experience.

" Three aspects of set lmvc been identified: mental, physicul. and

3.0

emotional.

2.1 Mental set- Reddmcss in the mentul sense, to pcrtorm a cer-
tain motor act. This mvolves as” prerequisite, the level of per-
ception and its subcategories. Discrimination, that is, using
judgment in making distinctions, is un aspect of mental set.

2.1 Mental set -lustritive educational objectives,
Ktiowledge of steps in setting the table.
* Knowledge of tools appropriate to performance of VdrlOllb
sewing operations. .

Physical rer—Reddmcqs in the sense of hdvmg nmde the ana- ™

)
tomical adjustments necessary for a motor act to be per-
formed. Readiness, in the physical sense, involves rc.eptor set;
that is. sensory attending, or fotusing the - -attention of the
needed sensory organs and poslurdl sct or posmomng of the
body. . :
2.2 Physical set —Illustrative educational objectives,
Achievement of bodily stance preparatory to bowling.
Positioning of hands preparatory to'typing.
4. tos o . ) ‘ .
2.3 Emotional set-Readiness in terms of attitudes favorable to .

the motor acts ldkmg ‘place. Willingness to rwpond is” nnpllc

Immmnul set -Nlustrative educational 0|J_)8t.llVC§
Dlsposmon to perform sewing manhme operation to best of

ability. . : :
Desire to operalc a production drill presq with- sklll

Guided response - This is an early'slc.p in the dcve!opmenl of skill.
Emphasis here is Upon the apilities which” are components of the

‘more complex skill. Guided response is the overt behavigral act of

on individual under the guidance of the instructor or in response
to self-evaluation where the student has a modet or criteria against
which he cin judge his performance. Prerequisites to performance
of the act are readmcss to respond,’in terms of set to produce the

. overt behavioral dt.t dnd selection of the appropriate response. Se-
- lection of response may be defined as deciding what response must

-be made in order to sutisty the requirements of task performance.

There appear to bc two major subwlegonu nmmnon and' trial
and error, : . I

3.1 Imitation-1mitation “is the 'cxecutidn of an act /as a direct
response to the pcn.epllon of an[her person pcrtormmg the
act, - . .

31 Imitarion—[lluslrutive educational objectives.
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imltanon of the process of stay- Slll(.hlng the eurvr.d neck edge
.-of a bodice..
Pertormlng a dance step as demonstrated
- Debeaking a chick 'in the manner demonstrated.

3.2 Trial and error —Trying various responses, usually with some
rationale for each response, until an appropriate response is
achieved, The appicpriate reqponse is one which meets the
requirements of task performam.e that is, “gets the job done™
or does, it more efficiently. This level may be defined as mul-
tiple-response learning in which the proper response is selected

out of varied ‘behavior, possibly through the influence_ot' re--

ward and punishment

3.2 Trial and error=Ilustrative edueatrond} ob]ectlves .
Discovering the most .efficient method of 1romng a_ blouse
through trial of various procedures.

" Determining the sequence for cleaning a room through trial of_

severdl patterns.

/

4 0 Medrarumz~Lcarned response has bceome ‘mbnual At this level,

the learner has Jehreved a certain confidence and degree of pro-

ficiency in the performance -of the act., The act is'a part of his
repertoife of possible responses to stimuli and the demands of
situations where the response is an .appropriate one. The response
may be more complex than at the preceding level it may mvolve

" some patterning in carrying out the task,

4.0 Mechanisin-Ulustrative educanondl objectives. .
Ability to perform a hand-hemming opemtron . -
Ability to mix ingredients for butter cake. E '
Ability to pollinate an oat flower,

Complex overt response— At this level, the individual can perform
a motor act that is considered eonlplex because of the movement
pattern required. At ‘this level, skill has been attained. The act can
be carried out smoothly and efficiently, that is, with minimum
expenditure of time and energy. There are two subeategorres reso-
lution of ‘uncertainty and automatic performancc

3.1 Resolution of uhcertainty—The act is performed without hcqr-
‘tation of the individual to get a mental picture of task se-
“quence, -That is, he knows the sequence required and so pro-
ceeds with confidence. The act is lnre defmed as complex in
nature, . - .

5.1 Rcrulutron oj uneerrumty- lllustmln/re edueatlonal objee-

tives.
» Skill in Operdtmg a mlllmg machine.
,Skill- in scttmg up and operating a production band saw,

wn
[§%)

and muscle eontrol

5.2 Autrmrajic perfurmanc_c«lllustrirtivc educational objec-
tives. . : ' B : .

Automatic performance- At this level, the md1v1dual can per-
form a finely coordinated motor-skill mth a great deal of ease
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Skill in performing basic steps of national folk dances,
Skill in tailoring a suit.
Skill in performing on the violin.
6.0 ddaptation: Al_lcriﬁg motor activities to meet the demands of new
problematic situations requiring a physical response, .
6.0 Adaptation [ustrative educational objectives.
Developing a modern dance composition through adapting known
abilities and skills in dance.
- 7.0 Origination Creating new motor acts or ways of manipulating
. materials out of understandings, abilities, and skills developed in
- the psychomotor area. . :
7.0 Origination Mustrative educational objectives.
Creation of a modern dance.
Creation of a new game requiring psychomotor response.
I
Application of the Schema to an Educational Problem

Following are some examples of educational objectives. all related to the
problem of learning to use ‘the sewing machine in garment construction.
They progress from the simple to the more complex. Each objective has
been classified with the taxonomy of educutional objectives, psychomotor
domain. The list is not necessarily a comprehensive one for this particular
problem. Only those objectives that may be classified in the psychomotor
domain have been included. Obviously. some of these might also be clas-
sified in the cognitive or atfective domain; in analyzing such educational
-objectives, it will be helptul to indicate the appropriate category in each
relevant domain.

- Problem: I earning to Use the Sewing Machine in Garment Construction
l. ‘()>bjcclivcs at 1.0 Perception level. .
Recognition of the sound of a sewing machine that is operating
properly and the sound of one with operating difficulties. (1.2
Cue selection.)
Sensing where the needle should be -set in beginning machine
stitching. (1.2 Cue selection.)
Ability to follew pattern directions and markings in sewing a gar-
ment. (1.3 Translation.) :
. Objectives at 2.0 Ser level.
' Knowiedge of procedures in starting and stopping a sewing ma-
chine. (2.1 Mental set))
Knowledge of how toguide fabric in using sewing machine so that
stitching is desired distance trom the edge. (2.1 Mental set))
Knowledge of how to thread machine. (2.1 Mental set.)

i
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Knowledge of methods for finishing a-line of stitches so that the
stitches will hold. (2.1 Mental set.) '

Knowledge of how and when to adjust tension and stitch length in
doing machine stitching. (2.1 Mental set.)

Positioning of body and hands for conservation of energy and
greatest efficiency in using the sewing machine. (2.2 Physical
set.) ’

Disposition to perform sewing machine operation to best of abil-
ity. (2.3 Emotional set.)

lil. Qbjectives at 3.0 Guided Response level,
. Imitation of procedures in threading sewing machine. (3.1 Imita-
/ tion.) .
= Imitation of procedures in operating sewing machine with respect
to starting. stitching. and stopping. {3.1 Tmitation.)
Imitation of the process of stay-stitching a straight edge and a
curved edge. (3.1 Imitation.) -
© IV. Objectives at 4.0 Mechanism level.

Ability to thread a sewing machine correctly without hesitation.
(4.0 Mechanism,) )

Ability to operate a sewing machine smoothly in starting, stitch-
ing. and stopping. (4.0 Mechanism.) _ :

Ability to finish a line of stitching so it will hold. (4.0 Mechan-
ism.) :

Ability to adjust length of stitch and tension without hesitation
according to the requirements of the situation. (4.0 Mechan-
ism. )

V. ObjeclivLjs at 5.0 Complex Qvert Response level,
~ Proceeding with increased confidence in operating a sewing machine
and performing in a coordinated way the various tasks that
are involved in its operation. (5.1 Resolution of uncertainty.)

Skill in operating a sewing machine in constructing a garment. (5.2
Automatic performance.)

V1. Objectives at 6.0 Adaptation level.

Adapting skills developed in using one type or make of sewing
machine to the operation of another type or make. (6.0 Adap-
tation.) .

Concluding Statemen:

The classification system for educational objectives in the psychomotor
domain presented in this chapter has been tried successfully. It appears to
- wk! Next steps include consideration of certain minor revisions in some
ut the subcategories and fleshipg out™ the schema with further illustra-
tions.
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The -Struétul"'é and Measurement
‘of Psychomotor Abilities: |
Some. Educatlonal Impllcatmns

- Edwin A, Flemhman
American Institutcs for Rescdruh '
/

The contribution I fecl best able to make to this conference is a descrip-
tion” of our research.on psychomoltor skills over the pust 18 years. Specifi-
cally. 1 will deal with several interrelated areas. The- primary. program-to be

o discussed concerns. the identification of psychomotor “ubilities accounting
for individual differences in performance of a wide varicty of psychomotor
' tasks. Within ‘this program [ will deal with a varigly of ability areas ranging =
from ‘fine mampululwe pcrform.nu.e Lo areus- of gross physical proficiency.
A sécond program area in our work deals with FéTItTShshnp's between tlicse
lelllllch and the lcarmn;, of more gomplex psyc.homotor -skills. Within this
second. area we hive dealt with a number. of lcarmng varublcs mdudlng
amount of practice, transfer, and retention.

[n describing our research it' may be of particular interest 1o stress. the
definitions of ‘the psychomotor abilities which have. been derived from this

- «resedrch; to specify -the kinds .ol tests and task materials utilized:in these
studies and to describe those found o best measure these abilitics.

The specification of these ubilities. measures. and materials have purllcu-
lar ‘relevance to curriculum developmenl/m that they, (a) help specify the -/
-range of activities that need to be covered in order to be Lomprehenswe in -
this area, (b) they specify measures for- pOSblble use in.assigning or selcumg‘ ’

/ students for purmular/lmmmg efforts. or for evaluating progress and pro-
ficiency “in various arcas of psychomotar performance. and (c) they provide
suggestions for materials and apparatus “development for inclusion m pur-

"(muldr psthomotor dcvelopmun and training ..l(,llVlly : !

C(mccpmal and Metlwdulogzcal F ramework R
~First 1 would like to define some _concepls which lmve been dcvcloped / ‘
1 find ll usefui to . dlslmgumh belwccn the concepts of dblllly and

57
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“skill.””. As we use the term. gbility refers to a more- gencral trait of the
individual which has been inferred {fom the correlations obfained among
performances of individuals on cértain kmde of tusks. Some abilities (c.g..
n.olor vision) depend more on genetic thun learning Lu.tors but most abili-
ties depend on both to some degree. In any case. at a given stage in life.
thcy represent traits or organismic-factors which’ the individual brings with
~him- when “he begins to learn .a new task. Tliese “abilities are related to-

- performance in a variety of human tasks. For example. the fact thut spatial

- v15u¢h/.1110n has been found: related to performance on such ‘diverse tusks-
‘ast aerial” nuvngunon blucpnm rudmg ..md dentistry, mukes this dln[ny
somewhat more basic. ~ - -

The term - skill refers to the level of prohuemy on ‘a specific L:sk or
limited . group of tasks. As we use the term skill, it is tusk oriented. When
we talk about proficiency in flying an airplance, in opcrnmg a turret athe,
or in" playing basketball, we-are talking about a specific skill. . Thus, when.
we speak of acquiring- tln. skill of operating a turret lathe, we meuan lh.n'
“Ahis person his m.qmrcd the sequence of responses requifed by this spu.nu.‘

" task. The dssumption is that the skills involved in complex activifies ¢an be
‘described in terms of tln more basic abilities: For example. lhc level of:
performance a man cant attuin on a turrel lathe may depend on"his basi¢
‘ubilyitics of manual dexterity and motor (_oordm.mon. However,.thése same

< basic abilities may be important to proficiency in other skills as well. Thus,

~———manual-dexterity-is-nccded in assembling C|CLllILd| components;: J-ld molor -

% coordination is needed to fly an airplane.

' Implicit in the prcvmus analysis-is the nnporlunt relation between abili-
ties and IL.Jrnlng Thus, individuals vith high manual dcxlcmy may nlore-
_readily learn the specific skill of l.nhc opcmnon “The ‘mechanism of trans-
“fer of training probubly opumlcs here.. Some abilities may lmnsfcr to the
learning of a. greater variety of specific tasks than others. in our culture .

“verbal abilitiés are more important in @ greater variety of tasks than are
some other typés of abilities. The individual who has a great many highly
“developed "basic abilities can bcuomc protlucnl at a great v‘mcly of specitic
tusks. ‘

. Elsewhere (Flcnshnmn l‘)(u-l L‘lgnc & Fleishnun, . 1‘)5‘)) we, have cl‘tb
orated our analysis of the duvclopmcnt of basic abilities. This included. u
discussion Of their physiological bases, the role. of learing, environmental
and cultural factorst and evidence on the rate of ability dévelopment during

T TTRelife-span. With this imuch conceptualization in mind, we can say that in

: mudx ol bu- prcvious- work one. objective has been to dcscrlbc ccrl‘nn skills
Jin.terms of these more gcncml dbl]lly rcqunclmms _

‘ Pcrlmps a not .too extreme statement is that fost-of. the LJ[CgOI‘IldllOI] o

- of human skills, which -is cmpmully bused., comes from (Ol’l’ddllondl and

* “factor-analysis studics. Mdny of these studies in the liter raturey are ill-de-.
\1;,ncd/ or not dcsnf,ned at_all. ﬂns ‘does-not rule out lhc de[ that propcrly

. - S,
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/. designed, systemautic, programmatic, correlational reseirch. can yield highly
- usetul datd about general skill dimensions. We:can think of such cutegories
Coas representinig empirically derived p.mcrw of response consistencies to
task requirements varied ‘in syslcmdm ways.-In a sense this approuch-de-
- scribed tasks ‘in terms of the common abilitics rcquncd to perforni them.
/1' As an example, let. us take the ferm “tracking,” u frequent peychiomotor
“/ behuvioral category ¢mployed by laborutory and systems psydlologlsls
=== alike. But we can ull think of u wide varicty of dlﬂcrcnl tusks in which
some kinds of 11.1Lk1ng are “involved. Can_we assume ‘that the beh: wioral
category, of tracking is useful in hclpmb us gCHLT.lh/C results from one such
situation to another? Is there a general tracking ability? Are- individuals
who are goud. at “ompensatory tracking also the ones who are good ut
pursml lrackmg’ Do people “who are good at positional tracking do well
.lwnh ‘velocity or acceleration Lonlrolﬁ’ What happens to .the correlations
between performances as a function.of such variations? It is 10 lhcsu kinds
of ‘questions that our progrium wus directed: ’

. . . e / ,
Parr I Identification of l’wclwmolur Ability ﬁactur\

~In \ubscquun years we have umdudcd a wholc series ‘of mlcnlod\mg _
e\pcnmcnl i, factor-analytic studies, attempting to isolate and identity the
- cominon varianee in i wide range of . psychomotor performances. Essentially
this is luboratory resedreh in which "tasks are specificilly designed or se-
lected to test certain hypotheses. about the organization of abilities in a
certain range of tasks (sce. e.g.; Fleishman, 954) Subsequcnt studies tend
to ingroduce task. varigtions aimed at sharpening or limiting our. .1blllly VA
‘factor definitions. The purpose is to define the fewest independént abitity .
cutegorics ‘which might be most useful and meaningful in- dc%nbmg pcr-.
Cformance in the wndz.sl variety of tasks.
Our sludlcs generally start with some gross area of qumn pcnfonmmc
~ - Thus. we have conducted studies ol fine manipulative performances (Fleish-
© man & Ellison. 1962; Fleishmin & *Hempel, 1954u), gross physical pro-
fticiency (Fléishman, 1963, [964; Hempel & Fleishman, 1955), po%ilioning
~ movements-and static feaction (Flcnshnmn 19584}, .md movement reac-
tions (Helshm.m 1938+ Fleishman & Hempel, 1956).
Thus far. we have investigated more than 200 different tasks admin-
istered to thousands of subjects in a series of mlcrlod\lng studies. Frony-the
p.mcrns of corrclations othllllcd we have - bcen able to account for per- .
Furnmnw ‘on this wide range’ of tasks of 4 reliatively “small number of
abilitics. sub%oqucm <lud|cs/ our definitions of these .1b1hl1cs and their .
d]SIIII\_llOllS from one another dre. becoming -more Llcc!rly deline: ited. Fur-

~~thermore, it is now possiblesto specily the tasks which should prov1dc the

\

hcxl meusire: Ut c.uh ‘of 'the .11)1l|l|c“idenujlcd s o . .

!lluc ate .lhoul ll psydmmulot dbllmcs an _.)\:Lbl|lllcs--lll lhc area of—""

CERIC T
- . LT o

*—“‘—""/ E



60 THE PSYCHOMOTOR DOMAIN

/
physnul proficiency which consistently appear to account for the common
variance: in psychomotor tasks. Betore wurning to the physical proficiency
area let me list some of these psychomotor uabilities and desgnbc some of
lhe tasks which best measure euach. ability. . /

. Control precision. The ability is common to tasks which require fine,
highly controlled. but not over-controlled. muscular adjustments. primarily
where larger muscle groups ase involved (Fleishman, {958b: Fleishmun &
Hempel, 1956: Parker & Fleishman, 1960). This abitily extends to arm-
hand as well as to leg movements. It is most critical where such adjust-
ments must be rapid, but precise. Tusks which best measure this ability

_ include the Rotary pursuit and Controls Adjustment tasks (Figures | and -
' 2).

2o Mudtilimb  coordination. This is tne ability  to coordinate the move-
ments of a number of limbs simultancously, and is best measured by de-
vices involving multiple controls (Fleishman. 1958b: Fleishmuan & Hempel,
1956: Puarker & Fleishman, 1960). The ability has been found general to
tasks requiring coordination of the two feet (e.g.. Figure 3. the Rudder
Control Test). two huands (e.g.. the Two Hund Pursuit and Two Hand
Coordination Tests, Figures 4 and 5. respectively) and hand and feet (e.g..
the Plune Control and Complc‘( Coordnmllon Tests, Figures 6 and 7, re-
speuuvely)

3. Response orientation. This ability has been found general to visual
discrimination reaction psychomotor tasks. involving rapid directional dis-
criminition and orientation of movement patterns (Fleishman. 1957,
1957b, 1958b: Fleishman & Hempet, i956: Parker & Fleishman, 1900). It
-appears to involve the ability to select the correct movement in relation to
“the correct stimulus, especially under highly speeded conditions. Figure 8
iltustrates the Discrimination ‘task and Figure 9 shows the Multidimensional
Pursuit task found to measure this ability.

4. Reaction time. This represents simply the speed with which lhe indi-
vidual is able to respond to & stimulus when jt appears (Fleishman, 1954,
1958b. Fleishman & Hempel, 1955: Parker & Fleishman, 1960). There are
consistent indications that individual differences in this ability are inde--
pendent of whether the stimulus is auditory or visual and are also inde-
pendent of the type of response which is required. However. once the
stimulus situation or the response situation is complicated by involving
alternate choices. reaction time is not-the primary ability that is rnc.mnrcd
Figure 10 illustrates the basic reaction time device,

5. Speed of arm movement. This represents simply the spced with
which un individual can make a gross, discreet grin movement where ac-
curacy is not the requirement (Fleishman. 1958b: Fleishman & Hempel,
1054, 1955: Parker & Fleishman, 1960). There is ample evidence that this
ability is independent of the reaction-time ability. Tasks such as Two Plate
Tapping (Figure 11) where the plates are separates at least 12 inches, best
measures this ability. : '

O
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Figure. 1. Rotary Pursuit Figure 2. Controls Adjustment -
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Figure 4. Two Hand Pursuit ~ Figure 5. Two Hand Coordination
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Figure 6. Complex Coordination ° Figuic 7. Plane Control

Figure 11. Two-Plate Tapping
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€. Rate control. This ability involves the making of continuous antici- -
patory motor adjustments relative to changes in speed and direction of a
continuously moving target or object {Fleisliman, 1958b: Fleishman
Hempel. 1955, 1956). This ability is general to tashs involving compen-
sutory as well as following pursuit, and extends to tasks involving responses
to chunges in rute. Our research has shown thut udequate meusurement of
this ability required an actual response in relation to the changing direction
and speed of the stimulus object, and not simply a judgment of the rate of
stimulus movement alone. Figures 12, 13 and 14 respectively illustrate the
Single Dimension Pursuit, Rate Control and Motor Judgeinent tasks, which
measure this atility, '

Manual dexterity. This ability involves skillful, well directed arm-hand
Cmovements in manipulating fairly large objects under speeded conditions
AFleishman, 1953b. 1954 Fleishman & Hempel, 1954b: Fleishman & Elli-
;son, 1962 Parker & Fleishinan, 1960: Hempel & Fleishmaa, 1955). The
Cbest generally availuble measures include the Minnesota Rate of Manipulir-
tion Tests (Figure 15), but there are newer experimental ‘tasks which pro-
vide better measures, !
®. Finger dexterity. This is /lhc ability to make still-controlled manipula-
tions of tiny objects - involving, primaily, the fingers (Fleishman, 1953b.
1954: Fleishman & Hempel, 19540; Purker & Fleishman. 1960: Hempel &
Fleishmun. {935: Fleishmun & Ellison, 1962). Tests like the Purdue Peg-
board and O'Connor Finger Dexterity (see Figures 16 and 17) provide good
measures. '

9, Arm-hand steadiness. This is the ability to make precise arm-hana
positioning movements where strength and speed are minimized; the criticul
feature, as the name implies. is the steatiness with which such movements
cann be made (Fleishman, 19536, 1954, [958, 1958b: Fleishman & Hern-
pel. 1935 Hempel & Fleishman, 1955 Parker & Fleishman, 'l_‘)()O). The
ability extends to tasks requiring steady movements or holding steady limb
positions (see Figures 18, 19, 20),

10. Wrist-Finger Speed. This ability is ot limited },cnemllly and is best
measured by printed tests requiring rapid t.npplng of thie pericil in relatively
large areas. (Fleishman, 1953a: Fleishman & Hempel, 1954a; Fleishman &

/ Ellison, 1962). Pendular and/or rotary wrist movements may be involved.
! Figure 21 shows typical page sections of tests used to measure this ability.

1. Afming. This' ability uppeurs to be measured by primed tests re-

quiring the rapid- placing of dots in very small circles, under.highly speeded
“conditions (Fleishman, 1953, 1954a: Hempel & Fleisliman, 1955: Fleish-
man & Ellison, 1962). See Figure 22.

Of course, there are detailed deseriptions ot the operations involved in
cach ability category: some of them are nore general in scope than others,
But it is important to know, for example, that it is not useful to tatk
about strength as a single dimension: rather, in terms of what psychomotor

—
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Figure 16. Purdue Pegboard Figure 17. O’Conner Finger Dexterity
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REPRESENTATIVE TESTS OF DIFFERENT PSYCHQMOTOR ABILITIES

Figure 18. Precision-Steadiness Figure 19. Stea/diness-Aim'ing

Figure 2G. Track Tracing
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REPRESENTATIVE TESTS OF DIFFERENT PSYCHOMOTOR ABILITIES
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Figure 22A. Aiming ) ‘ Figure 22B. Pursuit Aiming

tasks the same people can do well, it is more useful to talk in terms of at
least four general strength categories which may be differentially involved -
in & variety of physical tasks.

Perhiaps it might pe usetul to provide some examples of how one exam-
ines the generality ot an ability category and how one defines its limits.
The definition of the Rate Control ability may provide an example. In
carly studies it was found that this ability was coniumon to tracking tests
requiting one to follow a meving target (following pursuit tasks) as well as
to tusks requiring one to keep a target points centered {compensaiory
pursuit tasks). To test the generality of this ability; tasks were developed to
emphasize rate control ability, which were nof conventional tracking tasks
fe.g.. controlling a ball rolling ‘through a serics of alleyways). The ability
was found to e¢xtend to such tasks. Later studies attempted to discover if
emphasis on this ability is in judging the rate of the stimultus as distin:
guished from ability to respond at the appropriatz rate. A task was de-
veloped involving only button pressing in response te judgements ot moving
stimuli. (See Figure 23). Performance on this lask di-t not correlate with
other rate control tasks. Finaliy, several motion swiuve tasks were adapted
in wshich the individual was required to exlrupolale the course of a pliane
moving across a screen. The only response required was on an IBM answer

O
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sheet” These tasks did not refate to the core of tasks previously found to
measure “rate control.” Thus, our detinition of this ‘ability was expanded
to include measures beyond conventional “pursuit’™ tasks. but restricted to
tasks requiring the. timing of a museular adjustiment to the stimulus change.

A similar history can be sketched for cach ability variable identified.
Thus. we know that un individuat must have a feedback indicator of how
well he is coordingting before the Multilimb Coordination ability is mea-
sured: we know that by complicating simple reaction-time appuratus, by
providing additional choice reactions, we measure not operation time but a
separate  ability  (Response Orientation): however. varving the stimulus
modality in a simple reaction-time device reslts in the measurement of the
" same ability of reaction time and does not result in measurement ot a
separate ability, . .

Some later studies using experimental-correlational approaches provided
encouraging results which indicate that it is possible to build up a body of
principles through svstematic studies of ability-task interaction in the labo-
ratory (Fleishman. 1950). The upprduch is to develop tasks-which cun be
varied along specitied physical dimensions: to admumister these tasks, sys-
tematically varied along these dimensions. to groups of subjects who also
receive a series of “reference” tasks. known to sample certain more gen-
eralized abilities te.g.. “Spatial Orientation.” “Control Precistion.” certain
“Cognitive  Abilities™).  Correlations  between these rteference tasks and
seores on variations of the criterion task specify the ability requirements
(and changes in these requirements) as a tunction to task variations. Thus
. far we have studied tasks varied along the following dimensions. (a) degree
of rotation of display panels relative to response panels, (by the predict-
< nility or non-predictability of target course or response requirements. (v)
the extent to which the task allows the individual to assess the degice of
coordination of multiplelimb responses. (d) the degree of stimulus-response
compatibility in d,i‘spluy-conlrol relationships. (¢) whether there is a

REPRESENTATIVE TESTS OF DIFFERENT PSYCHOMOTOR ABILITIES
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Figure 23, Visual Coincidence
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constant “set™ or changing “set;’ from one stimulus presentation to the
next, (f) whether or not certain kinds of additional respense requirements'
are imposed in a visual discrimination reaction task, (g) whether or not
certain Kinds of feedback are provided. Hopefully, once such principles are
established, it should be possible to look at new tasks, operational or
otherwise, and specify the ability requirements. ’

i

. /
Part 1. Research on Physical Fituess Dimensions and Measuremei.;

W¢ turn now to a more intensive look at our research on a special class
of motor performance, that of physical proficiency. We wili describe this
area of our motor ability work in more detail because physical fitness
programs arce already an integral part of school curricula.

" Literoture Integration. As the first phase in this line of work, we con-
ducted a comprehensive review of the literuture on previous and currently
used physical fitness tests. The literature in this ares is replete with terms
like “velocity,” “speed,” “explosive und static strength,” “muscular en-
durance,” “stumina,” etc. Are these-useful categories? Which categories of -
perforniance represent essentially different uabilities und tests to meusure
them. The primary objective of this review was to examine the correlations
found among such tests and to describe the factors thev are presumed to
measure. Special emphasis was placed on reviewing previous factor analysis
studies of physical fitness tests in order t~ vompile a comprehensive catalog
of tests according to the abilities they seemed to measure (Fleishman,
1964a). It was possible to integrate these abilities into a meaningful schemu
and the main conclusion was that commonly used test batteries do not
cover ihe range of possible fitness ability and many of the tests which are,
used overlep with one another in the ability measured. Fourteen possible -
abilities were described and questions were raised about othér possible abili- -
ties. N

The Experimental Studies. Considerable pre-testing of more than 100
tests was carried out with the ijective 0)‘ providing better measures of
the abilities hypothesized trom the literature review and other sources. The
more reliable tests from these pre-tests were-included with more fumiliar
tests in two large scale studies with United States Navy recruits. The design
of these studies allowed for the confirmation or redefinition of the hypo-
thesized abilities as well as for the isolation of new abilities. Testing teams,
under the supervision of the Yale University project, were established at
the Greut Lukes Nuaval Training Center, Itlinois and at the San Diego Nuaval
Training Center, Culifornia. At Great Lukes, 30 tests designed to meusure
different abilities in the areas of strength and endurance were administered;
at San Diego. 30 tests in the areas of flexibility, balance, speed, and coor-
dination were administered. At each Center all the tests were administered
to more than 200 Navy recruits. Correlations among all these tests and

'El{lC
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. . ) . D a .
buckground variubles were obtained and subjected to fuctor analysis studies.
"Where previous l'uulor analytic studies had focused, on relatively small test
batterics, here it was possible .10 combine alternative measures of practically

of these studies provldud betier definitions of the Jblllllcs that need to be
assessed 16r a more LOl'ﬂplChCllblVC evaluation of physu.xi proficiency and-

all previously identified abilities within these two large s«..lic studies. Both -~

provided recommendations for tests more diagnostic of these difterent abili-. )

+ ties. i all, it was possible to explain the correlations. amiéng these 60
different Aésis in terms 6" 11 primary abilities. A few of these abilitics were
quite specific (e.g.. those confined to bulancing weights) and ‘were not
“considered further. “but the more- gcncml ones were r‘c_,l;ninéd ,l'or l'u-ljlil,cf
study . ‘ » .

To illustrate the rwu.m_h stmlcgy IL[ us examine more closely lhc design
" the study fo |dcnllly ability tactors in the areu of strength. ngrc 24
hsls the expérimental and existing tests utilized -in the study. Tests were

“chosen so that some emphasized flexor and other extensor muscles, some
‘emphasized leg -and others_arm of trunk strength. some emphasized short
und long runs. Otlfers cmph.m/cd continubus, repeated. or mmlm.d strain,
“some were” timed or untimed. The design niade il possible lo examine”the
correlations among tests given to the same subjects o unswer questions

- such as the following: Do we get two abilities separating flexor or extensor
mmdes’ Is there a general strength ability commoan to all these tasks? Does
prolongcd strain on muscles (pull-up, push-ups) introduce a new ability
{e.g:. cnd,,ur.mue) LOl]lle‘Cd with tasks using the same muscles in a shorter
but gpetded period, (Do as many- push ups as possible”in 20 sewnds)" Are
there -ubilities -common to “muscle” groups (arms vs® legs) ‘us distinguished N
“fromi abilities: dependent ‘on the pattern-of activity? What is the role of
slrcnglh in_runping tasks? Figure 25 shows the possible ability factors that
:LL)llld have beefi “obtained when we cwc.lmmcd thc auﬁui relations among
Npcrmrnmnccs e . : b

A similar design was lollowcd in lhc areus of qpccd tlexibility, coording-
tion and balance. The intercorrelations may be seen elsewhere (Fleishman.
1964). For. the prcqem we will merely summarize the abilities that emerged
from these: studies and the tesls which had the highest lqglor]o.ldmg, {cor--

- ~elation$ 'with that Jblllly) By examining the ‘tests: which g,ronpcd together
ot the. same ability il s possnblc to define the abilities. The abilitics
identilied and the test Tound to best measure cach ubility dre as follows: )

'I;'.\‘Icnl'Flex‘ibf!irv*Al)ilily to_flex or stretch the' trunk and back

: musdcs as fur as. puwblc in cithera torwnd. lateral, or backward ‘direc-

- tion: :

I\lunl lle\.'b.'lm' Test: (Orlgm.ﬂly LJ“Ld Iwm dl‘ld ']oudl) I'hc \ub- ‘
“jeet stands, with his left side. toward the wall, and arm’s length -
~w . uaway from the wall. With, feel together and in pldLL he twists -
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back around as far as he can. touching the wall with his right hand
at shoulder height.

2. Dynamic Flexibility., The ability 1o muke repeuted. rapid. flexing
movements in which the resiliency ol the muscies in recovery from strain
ur distortion is critical,

1)1namu Flexibility  Test: (Originally called Bend, Twist and Touch).
With his back to the wall and hands together, the subject bends
forward, touches an X7 between his feet, straightens, twists (o
the left and touches an X behind him on the wall, He repeats
the cycle. alternately twisting to the right and to the left, doing as
many ds possible in the titne limit,

5

¥ Expiosive airength. The ability to cxpend a maximum of erergy in

one or a series of explosive acts. This tactor is distinguished from other

strangth factors in requiring mobilization of energy for a burst of effort.

rather than continuous strain, stress. or repeated exertion of muscles. Tiie

two tests chosen to represent this tactor emphasize ditferent specific ac-

tivities. v

a4 Shurde Run Test: Twenty yard distance. covered S times, for 100
yard totul, ’ :

b.  Sofiiall Throw Test: The subject throws a 12 inch softbal, as far
as possible without moving his fect,

4. Static Strength. The maximum force which a subject can exert. for a
briet’ perina, where the force iz exerted continuously up to this maximum.
In contrast to other strength factors, thisis the force which can be exerted

. ‘against external objects (e.g.. lifting heavy weights. pulling against a dyna-

mometer). rather than in supporting or propelling the body’s own weight.

Hund Grip Tesr: The subject squeezes a Narragansett Company grip
dynamonteter, as hard as possible, -

S. Dynamic Strength, The ability to exert muscular foree repeatedly or
continuously over time, It represents muesnlar-endurance and emphasizes
the resistance of the muscles to fatig. - (ae common emphasis of tests
mc.nurmu this tactor is on the power of the muscles to propel. support. or
move “hie body repeatedly or to support it tor prolonged periods.

Pull-Ups Test: The subject hangs tfrom bar with p.nlmx facing his body.
T and Joces as many puall-ups us possible.

;oo 'I'r:mk Strengeh, This is a second, more limited.- dynamic strength
// tactor spcciﬁc to the tmnk muscles particularly the abdominal muscle.
Leg Litrs Test: While tlat on his back, the subject raises his legs to a
vertical position and lowers them to the floor as many times as
. possible in the time limit.

° 7. Gross Body Coordination. Abilitv (o courdinate the simultancous ac-
tions ot ditterent parts of the body while making gross body movements.
: Qo . '
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Cable Jump Test: The subject holds. in front of him. a short rope held
in each hand. He attempts to jump through (hh rope w,(houl
tripping. falling. or releasing the rope.

8. Gross Body Equilibrium. The ability of an individual to maintain his
equilibrium. despite.forces pulling him off balunce. where he has to depend
mainly on non-visual (c.g.. vestibular and kinesthetic) cues.

Bulance .1 Test: Using his preferred foot, and keeping his hands on his
hips, the subject balances for as long as possible or a % inch wide
rail.

9. Staming. The capacity to continue maximum efforts. requiring pro--
longed exertion wver time. This factor has the alternate name of *“cardio-
vascular endurance.” : . -

000 Yurd Run-Walk Test: The student at*empts to cover a 600 yard
distance in as short 4 time as possible.

The National Study. The next step in this progiam was (2 establish
standards tor evaluating the. performance of individual boys and girls on the
separate tests. Tests found to be most reliabic and disgnostic of the dif-
ferent ability factors were assembled into “batteries™ and administered to
high school students throughout the country.

In all. 14 tests found to cover 9 basic ubilities were administered to
more than 20.000 boys and girls. between the ages of 12 and 8. in 45
cities throughou the United States: (The list of cities and description of
the cross-sections achieved is presented elsewhere) (Fleishiman. 19644). This
phase. produced the norms (percentile tables) tor these tests. as well as
developmental curves showing changes with age on the different physical
fitness components for the 14 tesis, Finally. 10 tests were recommended us

the most efficient and refiable for measuring the 9 basic abilities. These

tests have been called the Basic Fithess Tests and are illustrated in Appen-
dix A. N

Norms and developmental curves for these tests may be tound elsewhere
(Fleishman. 1964a. 1964b). Additionally, a record keeping system. culled .
the Performance Record (Fleishman, 1964¢) was developed: to provide fit-
ness profiles, conversions of raw scores to percent’es. a “fitness index.”
and the plotting of progress us a function of conditioning programs.

Summary of findings and inplications. The fruits of this research pro-
gram are of seversl soris. First. we have a better understanding of the
structure of the physical fithess arca -the dimensions which best Jescribe
the variety of performance called for by the plethora ot available plivsical
fitness tests. it is seen that a relatively mmll number of such dimensions
(or abilitiss) account for these diverse pumrnmmc\ e this sense the pro-
gram was scientitically useful in bringing additionad order to this field and
in simplifying our desc-ip<ons of wiat needs to he measured in this area.
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These results contirm that “physical proficiency™ is not a single gen-

eral ability: rather physical proficiency dan best be described in terms of a

number of broud, relatively independent abilities. The same individuals may

be high on some abilities and low on others. In these 1erms, the more

abilities an individual scores high on. the more “physically fit” he can be

suid to~be—~The resulis also allow more precise definition of cach ability
than was possible belores :

2. A second category or results mc specific tacts dis-
covered about the nature of physical proficiencies and their intérrelation-
ships. For example. we now better understand the role of muscular en-
dufance in. strength tesis, the relations between capacities of flexor and
extensor muscles, and thie primary abilities that account for running speed.
Also confirmed is the distinction between two primary flexibility abilitics
and the generality of static strength across different muscle groups.

The “developmental curves™ derived from the research are ydditional
results in this second category. These curves show the rate of “growth™ of
the ditferent physical proficiencies from age to uge (Fleishman, 1964a). It
was found that the curves tor girls differed in form from those for boys in
showing morc marked developmental stages, For the boys the shapes of
most curves were similar, but there were ditterent critical ages at whn.h the
curves leveled out, depending on the ability measured. :

Especially illuminating were the detailed analyses of strength luxkx Any
characterization of individual strength which ignores one or wmore of the

four strength abilities identitied is incomplete,

Sirce several ubilities were found to extend ucross different muscle
“groups (e.g.. limbs and trunk), this points up the importance of “central™
factors in physical fitness in addition to those reflected in the specific
muscle apparaius. Such central fuctors include central nervous system in-
volvement, responses to kinesthetic feedback mechanisms, heart and cir¢u-
latory system development, general energy level, ete.

3. A third category of results of this research relates to specific fitness
measurement principles discovered. We now know that variations in test
procedure produce given variations in the fitness factors measures und in
the reliability of the measure. For example, (2) speeded administration
(titues) of a Dynamic Strength test reduces its “purity” and brings in a
second ability factor (Explosive strength): (b) longer Shuttle Run tests are
more reliable than shorter ones in use: {¢) simple dynamometer tests are
preferred (over weight lifting tests) as measures of Static Strength: td) a
Gross Body Equilibrium ability factor is best measured by one-foot. rail
standing tests with e eyes clesed: () a Leg Lifts test is more valid and
reliable than Sit-ups tor measuring Trunk Strength.

4. A fourth myjor kind of outzome was the specitication of the most
efficient, practical, and reliable tests for measuring each ability aad their
assembly into 4 battery of Basic Fitness Tests. This battery. which will

(%)
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undoubtedly be further improved by additional research, is based on our
present state of researcl knowledge. A major phase of this work was the
development of normative standards for the tests on a much larger hational
sample than has been possible heretofore. Simplified interpretative tables
were provided for ages 12 through 18. Improved methods of evaluating and
interpreting individna! performances were developed, using modern mea-
surement- principles. These included forms of profile analysis, computation
of assimplified. Fitness Index, and evaluation of the rate of progress.

5. There are, of course, still many unanuwered questions. Some of ti:
most intriguing questions concern the natyre of “‘coordination™ und “agil-
ity.” A concerted effort needs to be made to see if these are usefully
considered “separate™ abilities or if we can account for such performances
in-terms i the abilities already identified. Additional studies would involve
a greater variety of “coordinated” performances than it has been possible
to include so far. The use of our hattery of tests. in the same study with
these complex tests, should allow us to specify how much of the variance
in such performances we still need to explain. At present, a Multiiimb
{ oordination ability appears distinet from any Gres Body Coordination,
‘The former is involved it perceptual-motor tasks involving sintultancous use
of multiple controws (teet-hand, two-hand, two-feet), where the subject is’
typically ccated. The latter appears to require movement of the entire
bady. | ° :

There is o need to use these tests to- predict more complex skilled
performances. This would tell ns what portion of such performances are
specific to the individual skills and how much iy relatable t¢ the physical
fitness fuctors identified in ~our present program. There is also the practical
question of low v-lid our tests are- in predlumg performance in complex
jobs involving physical skills, J '

6. We also need to know more /uboul the trainwhility of these com-
ponent ahilities and the degree of ‘transfer of traiming across tasks répre-
senting the same abilities. We would expect ‘high transter between tasks on
the sume ability and low transfer between ability. A more interesting ques-
tion is the amount of transfer of training from these ability components to
more complex skilled performances.

Part 111, Studies of Skill I.carning

Effects of Practice. For a number ot years. we nave deen-interested in

the relations between reference ability measures. developed around our per-

ceptudd-motor taxonomy, and a variety of learning phenomena. (Fleishman
& Hempel.  9354b; Fleishman & Hempel, 1955: Fleishman. 1957a; Fleish-
man, 1960a: Fleishman & Rich. 1963). Our results have allowed us to show
the differential rol: of these abilities at different stages of learning mor:

O
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complex tasks, These tudies have as an additional goal the specitication of

abilities predictive ¢ wdvaneed levels of: Jearning.

\

. One of our early studies was confined 1o the analyses of interirial cor-™

selations of two similar tasks  practiced in different mders (Fieishiman.
19534): but subsequent ‘studies haves always-included “reference measyres.”
external to the practice task. Tu a typical study. 200-300 subiecis received
a battery ot reference tests known fo Sumple ertain abitities and then
received practice on a-criterion practice task. Through the use of factor
analysis “techniques of the cogrelation ppijerns obtained, we could exumine
the hudmd of stecessive trial scores on the criterion task on Hu abilities.
defined by the reference tasks.

fn general. these stodies, with a great variety of practice tasks. show
that, fa} as practice continues, changes oceur in the particular combinations
of ubilities contributing to pertformance. (b) these changes are progressive
and systematic and eventually become stabilized. {¢) the contribatien of

©

“nommotor” abilities e.g.. verbal,"spatial). which may play-a role early in
learning, decreases systematically with practice, relative to “niotor abili-
ties.” and () there is also an increase in g factor specitic to the task itselt,

Figure 26 illustrates a twvpical result obtained using a visual-discrinina-
tion reaction task. See also Figure 27 which shows that certaiin abilities
discriminate individuals  high and low in proficiency early i feaning a
complex task, but not later in learning. while other abilities discriminute
mainty at advanced levels of Tearning, .

The repeited figdings of aincrease i specificity of e tasks learned
indicates that perfermance n perceptual-niotor tasks becomes increasingly
function of habits and skills acquired in the task itselt. Bui pre-tusk abili-
tes play a4 role. tooand their interactions with learning phenomena are
Aimportagt sources of variance 1o be studied. Furthermore: it appears desir-
able 1o better detine the variance now termed specific 1o individual tasks. |
am optimistic that some of this variance is pot really “specitic™: rathei, we
muy need to be more ingcmnus‘ 4 teasing it out, o °

Much of ow later work has been concerned with thie pursumt ot this
vartanee now detined as specidic to late stages of leurning tasks. Hypotheses
we have exploted are that, {2) late stage measures of different tasks have
abilities meceimmen not found in carly stages of the same tasks (Fleishman,
195740, tb) the ability 1o ftegrate component ahilities represents @ sepu-
rate individuat difference variable not found ip early stage learning, te)
kinesthietic ability *tactors play an increastng role in psychumotor learning
relative (o spatial-visual abilities. Confination 3f hypothesis £2) was found
m o recent study (Fleishiman & Rich, 19030 In this study. we first had to
develop a measire of “kinesthetic sensitivity™ on which subjects differ
rehably . Pertormance on this measure was a-good indicator of late learning
na tiwo-hand coordination task, but not of early learing,
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Figure 28. Percentage of variance represented by loadings on each ability
factor at different stages of practice on the Discrimination Reac-
tion Time task (percentage of variance is represented by the size of
the shaded areas for each factor). {From Fleishinan and Hempel,
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Use of the paradigm in training sertings. Lately our tindings and meth-
ads have been extended 1o more complex tasks studied over lengthy peri-
ods of time. In one study (Parker & Fleishman., 1900). we developed a
simulation of an aiv intercept mission on which subjects Iearned a highly
complex tracking task over a seven week period. The same 203 subects
receivedt ane ot the most extensive batteries of” pereeptual-motor and cog-
nitive tests ever assembled. The design allowed for the identification of 15
ahitity: factors and the specitication of their contribution to tracking per-
furniance at different stages of learning over this fengthy learning period.

In a fater study (Paker & Fleishman, 1901), we attempted 1o make sure
of our analytical information about ability requirements ot this task,
dun.nm& a0 skill lrunmu Drogran. In terms ef our int "'r.llLd Crror measure
of performancee during thg fast three traming sessions, the experimental
group showed a 3997 increa. e in proficiency over the second best training
condition investigated. A : '

We have also studiad the velation of ability varizbles to Tearning 4n a real

trainiig eovironment (Fleishman and Fruchter, 1960). o this latter case,

we were able to show the abilities underlying the acquisition of skill, at
difterent stages of Morse code learning, i an Aiv Foree vadio telegraphy
school. Speciticalty, carty learning depended on two auditory-pereeptual
abihiries,-whereas later learning was more” a function of an abitity named

“speed of cosure.™ Thas fatter represented the ability to unity or organize.

an apparently "disparate tield into meanimgtul units. This study extends our
findmgs on learnmg and individual ditferences 1o perceptual tearmning.
Inedividual differences and component-total task refationships, A recent

study (Fleishman, 1963) ipvestigated the relations between individual dif-

ferences in performuance on tosk components and subsequenteperformance
on a total sk, Two hundred and four subjects practiced the components
of a complex maltidimensional compensatory  pursuit task singly. and

combination. These cor sonents involved discrete display-control relation-

ships. The total task, which was practiced last, requived an integration of

these components: that is, the subjects wuast operate the multiple controls
1 order to minimize error indications on all displays simultancously. The
pmhlum mvesiigated  were. (a) lllc extent to which performance on task
components, mdividually pr.ullucd is predictive of subsequent total task
performance: th) the extent to which practice, on combinations of com-
ponents v predictive oi” total task performance: (o) the interrelationships
amaong component perfosmancees; and (d) the relative contribution of vari-
ous component performances to total and subtask performances. The analy-
sy provides some tentative primciples of part-whole tass relationships rele-
vant o the anderstanding of skilfed pertormuance. N
Prediction of rerentiont. | would ot hke 1o leave the topic of lmlmdlml
ditterences and skill Tearmng witliont mentiomng onr studies on retention
(Blenshmait & Parker, 1962y Very Hde is known about individual ditter-
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eices in retention. We were able to give peopier e rended (seven weeks)
practice on u highly complex perceptual-motor skil! and obtain niatched
roups of subyects buack after periods:of no practice for one four, nine,
tourteen, and twenty-four months, Thus, we varied vetention intervals, as
welt o type of inital guidanee and fevel of original learning. The main
points ol interest hereare that there was virtually no loss in skill regardless
ol the length of the retention interval. and that the nost powerhul variablc
operating was individual differences in fhe level of original learning. The
prediction of retention from original learning was independent of the
length of the retention interval. Thus, for all intervals, even up to two
years. indwvidual ditferences at the end of learning correlated in thd 8Os
and 90 with subsequent performance atte seriods of no practice, Qur
design also allowed us to say that this predic 1 was not acconnted for by
the subject’s pre-wsk abilities, but rather was explainsble mterms of indi-
vidual Jdirtorences amone subjects in the speafic hamits acguired m prace
ticmg the original task. '

Individual Differcnces and Other Motor Learning Phenoniena

A vanety o other fearning phienomena nave been studied in relation to
motor skill-4sve e 7 Blodéau, 1900), These anclude franster of training.

Thabis wterference. reminiscence, performance during massed versus dis-

tibated practice. ete, Latle stedy has been made of abdities and other
individual ditferences winicn predict performance under such conditions, A
recent “study has provided encouragenient thut a subject’s pieviousty  de-
veloped abifines can help us muke sueh predictions (Fleishman & Elison.
1909y, Subjects were given practice on g complex pereeptual-motov task
and Later the display control relationships on the task were changed. Sub-
jects were later shifted back to the orizimal task. During initial lcarning
subjects performed on nuesed a0 welt as distribured tials. The same sub-
jects receved doseries of motor, spatial ahility and personality measures,
Ihe udy showed certain ability measures predicted which  subjects
vorld show the most rranster o interterence at the shift pomts, but there
was no Cgeneral susceptibility 1o imterference™ raid identitied. Personality
tests of reedity Hexibabinyg T anxiety. ete did not predict habit interfer-
ence cttec. Performance during wiassed practive was just “as predictable
from abihiy meastires as performance dunmng distributed practice. A najor
finding was the sharp decrease me prediction by ability tests of the triat
follow iy the massed practice 08 ¢ remmiseence by, There was also an
increase o the predicnons by the personality tests during this trial. Thus
Sndsaduat ditferences e orecovery trom “fatigae hke™ states {occasioned
massed practicer wounld seems to depend oo ditferent-abilities than do other

lemimg phienomerir.

O
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Concluding Rewarks

Betore closing, we may mention that tittle systematic work has been
done in schoob settings with regard to motos skills development, prediction
and evaluation. There are several additional issues here. One is the problen,
ot using indices ’g)l' motor abilities as diagnostic areas in predicting subse-
quent academic achievement and adjustments. Some educators feel this s a
sign/ll'icunl arca. but the demenstratios stith nesds t he made.,

“Another peneral dssue > hat of developsre motor and other non-cog-
nitive abilities and skills by some systematic ducational program in the
schools. 1t i: probably safe 1o say that our educational system, while pro-
viding certain specific skills feg.. spdling). is also aimed & developing
certain general abilities capable ol transier to a varicty of substantive areas
and skidls. (Elsewhere, T have claborated the distinction hetween abilities
and skills, e.g. Fleishman, 1967.) The generat abilities which tend to be
developed are cognitive abilities. c.g.. verbal, numerical, conceptual abilities.
Relatively littie is done in the way of systematic, sequenced curriculm
devetopment to develop abilities such as spatial-visualization, manual ¢2x-
terity. or perceptualspeed. Many of these abilities are more likely to he
critical 1o non-academic fields or to arcas of vocational or special edica-
tion. Yet. eurly in a child’s schooling it is impossible 1o know it the
development of such abilities will eventually be refes-nt to his subsequent”
occupational choice.

Oftemoverlooked s the relevance of such non-cognitive abilities 1o

)

highty complex academic professions. For example, many potential engi-
neers are lost. or make slower progress, not for lack of conceprual or
mathematical abilities, but hecause of poor spatial onentation: many stu-
~dents have ditticulties in dental school because of poor manual dexterity or
spatial-visualization. The point is that there is ample jusiification and need
for svstematic programs for developing non-cognitive skills) in their own
right. within the framework of our school system. With respect 1o the area
of motor skitl. this underlines the need for hasic a sessment teclmiques to
assess base-line levels and progress through whatever program 1s developed.
The sume need applies to the problems utilizing motor abitity assessnient
techniques in predicting subsequent achievements in casly schodl grades.
There are many hypotheses, but fittle hard data. on the relevance®of motor
difticutties to later problems in fearning acadennic Skils. Many technig v
wsed by teachers are too subiective (for example. noting how a pupil howds
hes pencil) and subject to error. It would be didicult to have much con-
frdence in such assessments. His really nor knowst it o doviani $th grade
child can be identified at the kindergarten level through some specific
motor ability deticit. What s needed s o set of standardized motor skall
tests. with sitficient normative data and predictive validity.
What do we know at present and what can we do? We know from a vast
hody ot 1ocarch, much of which has been cited above, that there 15 no
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= such unitary thing as motor skill. Although: most ot the research hay teen
with older children and young adults, it is very clear that there are several
dimcmiom of motor abilities which need to be assessed. Measurey of euch
of these dimensions (or-factors) correlate low with each other wnd have
different predictive taplications and-lead to differenit programs of training
for their development. A conclusion drawn from a measure of manual-
“dexterity. lor e xample. may. be quite ditferent from one drawn from a test
“of multi-limb coordination. , . _ )
The specification of the motor dblhlv Iglglors identificd. provides the
ideatized coverage for & comprehensive battery: of motor ability tests. If it
s not feasible to cover eaclt factor, they at least provide a buses for selecs
tion. The factors specitied also provide the basis for material dévclo_pmcnl
to specifically try to improve particulai motor abilities.
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APPENDIX A
“THE BASIC FITNESS TESTS"*
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Figure 3A. Explosive Strength: Figure 3B. Explosive Strength: Softball
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*{Flashiman, E.A., 1964 a, b}
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An Examination of Four Major Factors
Iripncting on Psychomotor Performance
Effectiveness

/

George D, Greer, Jr. James D. Hirtt,
Thomas I, Siteerley, end Edward B. Slebodnick
Bocing Acrospace Corporition

IO

1 ars nterpretation of therr mandate i attempting to contribute
to th conterence s to concentrate on highly appheation-oriented data and
mtormation regarding factors impacting on psychomoior performance. This
orientat-on reticets the high pressure. day-to-d professional concern of
the authors with ap . . wons througa all or most of their professional
careers. As human facee ospeaahists in the nulitary7/industrial context, den-
ttving and resolving  problems assocrrted with man-m-a-systent to assure
that the system will function properly has been our way of life and s the
wiy we think., ) '

With this briet ortentation as to our frume of reference m selectg and
presenting the views an this paper, we feel constrained to make three
points, .
First, we find at all but impossible to meaningfully delinut psychome ror
pertormance 1in any but the broadest sensel To state hie obvious, we see 1t
as alwiys imvolving some kind of motor performance. But performance
cinnot oceur exeept by an individual, with his idiosyncerasies and physical-
mental state, o the presence of some stimulus/environmental sttuation.
[hus, we will treat psychomotor performance as very broadly defimed.

A\ second poine regarding prepgration of this papes s the fact that
©, syehomotor performance.” even detfined in s most lmuted sense. can
stll be construed to constitute the subject of a4 minor portion of research
condicted over the past 100 years. s net our intention to re-review this
vast array ot anaternel. Rather. we have elected to be hughly selective, con-
centratimg “on data generated relatively recently. some of wlieh may not
have had wide cireulation, but which v very much in need of integration
1os tooadd 1o the general body of aseful knowledge on psychomotor
pertormance. Occastonally | sigmiticant expenmental methodological tessons
have been dearned. particularly regardmg measurement criternr, time and
subject motvation. | hese will be pomted out where they have bedn sigmiti-
cant - Despite oar atvemipts ar bemg nghly selective, ike topsy, the paper
tust seemed 1o grow and grow. :

)

O
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A final poing, i the generally “global™ approach taker necessary for
much of our reai-world problem-solving research. M ogically ., this
may be the most sigmificant distinguishing Lactor between how the truly -
apphed and the truly basic rescarcher thinks and goes ab®Ri his business. n
industry, we generally sacrtfice underdanding of the impact that a precise,
speattiv varable has on a particular pertormance celement. in the mterest of
deternumng  the mmpact of the totahty of thes anticipated ™ stimulus-re-
sponse-environneat-imdividual-ditference™ context on’system effectiveness,

There are exceptions to this, ot course. where we may become very
much concerned with the effect of a highly cicumseribed display para-
weter (e, spot size. volor, or movement) or a severely Jinnted clement of
Jnndividual perceptual or response capability (e, peripheral visual acu-
ity). T'he hatter, however. is more the exception than the rafe in o1 sdccess-
tul human tuctors laborators | N )

he boesie rescarcher, on the other hand. saentices Knowledge about the
imteractions ol the specific stimatus andsor response to wheeh he is direct-

mg his attennion, with the multitude of other simultam ously occurring veal

world variables, both stimulus and response. He does inis on the assump-
ton, presumably . that the ultimate end-product will be much more fully
understoad, and be more generalizable, in the torns of first and sevond
order “laws™ e laws, then, would allow both mductive and deductive
generatization with the confidence that comes with understanding thwe in-
ter-al workings of a complex provess. It ix obvious that both approaches,
and vanous mixtures between the extremes of each, are necessary in the
advancement of man’s systematic knowledge as 1o’ the prediction, controf,
and modification of human psychomotor performaice.

Fhe paper. atter this introduction, is divided mto five sectiens, The first
tour each on 4 different set of tactors ntluendng psychomotor behavior,
Ihe tactors are Foavironmenta! Stressors. bine/Work (fatigue), Toxie and
Drug Fitects and Task Loading, FThese factors are related, i somie tnstances
highly ~o.m terms ot the sinularity of their impact on performance. hus,
m o firth section an attempt s made to dentify common clements of the
ctredts of the four sets of variables on performance. cmphasesmg imphica-
tons tor acquisttion ot psychomotor skdls.
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Section A. Environmental Stressors

l. Definition and Scope

An environmental stressor may be defined as any condition of man’s
external environment which in some: way affects his physiological safety
andfor ability to perform sensory or motor functions. In the operation and
maintenance of uerospace systems, man is called upon to perform a wide
range of tasks under an array of environmental conditions. The environ-
ments under consideration will be limited to the conditions of temperature,
noise, altitude, and vibration, which are the most common stressors affect-
ing man’s psychomotor performance in the aerospuce systems environment,
The general task categories to be summarized will include vigilznce, reac-
tion time, simple motor tasks (switch operation), ‘complex motor tasks
(tracking), and to some extent, mental processes and concentration.

Extensive reviews of what hus been done in the area of physiological
and performance effects of the environment (Roth, ed., 1968), point up
the fact that availuble scientific duta are very sketchy and unsystematic
with regard to the environments, the levels of the environments, and the
nature of- the tasks investigated._Experimental studies ure relatively few and
no general behavioral or psycho-physical theory has been developed to
provide a systematic description of the effects of environment on human
performance (Teichner and Olson; 1969).

In this section, we will pull together a few selected cxamples of data

~and commentary to highlight the Lomplemty, methodology, and implicu-
tions of the existing research.

2. Stressors and Effects

" Thie effects of each of the four environmental stressors will be summa-
rized individually before discussion of the psyghomotor effects produLcd
by Lombmdtlon of the stressors.

- {a) Temperature
i When we think of tempemture ‘we often visualize a thermometer. A
= thermometer is used to provide a measure of temperature which will sup-
port a deusnon to wear shorts or a sweater when leaving the house. but
there are times when we are fooled by this rcldtwely imprecise measure.
The wind may be blowing or the humidity: may. be high, and we find that
our subjective feeling of discomfort belies the:ihermometer. '
“Temperature™ must be redefined, at a. minimum, in terms of a cont-
bination of heat: humidity. and air velocity. The amount -of heat present in
@ external environment is commonly described by two meusures: dry-
ERIC . | | : :
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bulb or ambient (air) temperature. and wet-bulb temperature. Combined
with air velocity, these two measures of temperature are the most com-
monly reported means of specifying the independent variable: temperature
stress.

A number of integrated measures of heat and cold stress have been
developed to describe comfort and tolerance limits of exposure. The sim-
plest of these measures is the “Oxford” or wet/dry (W/D) Index, which is
nothing more than ua weighting of- wet-bulb (85%) and dry-bulb (15%)
temperatures. A generally more useful measure is the Effective-Temperature
(ET) Index. This index integrates the effects of temperature, humidity, and
air velocity and is based upon subjective reports of heat, comfort, and cold.
Combinations of temperature, humidity. and air velocity which produce the
same subjective feeling are given the same ET. Another index which pro-
vides a descriptive quantity against which cold stress may be evaluated is
the Windchill Index. Windchill has come into us- as a single-vatued index of
the severity of the combination of air velocity (wind) and temperature
(Fig..5-1A). However, based upon WW Il field measurement on the rate of
cooling a container of water, the Windchill Index does not account for
physiological adaptation and should not be used as a rigorous measure.
There are other indices of temperature stress such as the Heat-Stress Index
and the Operative Temperature Index. both of which are useful in environ-
mental control system design. Unfortunately. there is no one standard in-
dex in general use that encompasses all the critical variables: thus, appar-
ently valuable data is still being reported without all of the elements of the
independent variable defined.

In the non-cc mpensable zones of thermal regulation, perform.mLe and
tolerance have an inverse exponential relationship with exposure time. As a
“rule of thumb,” performance begins to deteriorate for any given condition
at about 75 percent of the physiological tolerance limit. It is possible,
however, to exceed these values for short periods of time through adapta-
tion and habituation, or through motivation. A contradictory phenomenon
is observed at temperature levels just below the upper limits; sometimes
performance is impaired, sometimes there is no change. and sometimes
significant facilitation is observed.

Perhaps this confusion may be resolved in part. by analyzing the types
of tasks performed. Numerous studies investigating the effects of heat stress
between 80° and 120° F (ET) have found either facilitory or no effects
upon performance of the type normally associated with simple eye-hand
coordination and manual dexterity (Duke et al. 1967). Those tasks involv-
ing simple motor reactions, requiring little mental encoding, decoding, or
translation. can be expected to benefit from the alerting component of
stress arousal. Tests where the psychomotor tasks is more complex (i.e..
greater involvement of higher mental processes and attention), degradation
has been observed (Reilly and Parker. 1968). From a number of studies it
Q ; )
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Figure 5-1A. In outdoor cold weather, the wind velocity has a profound,
sometimes decisive, effect on the hazard to men who are ex-
posed. The windchill concept dramatizes this well known fact
by providing a means for quantitative comparison of various
combinations of temperatures and wind speed. Note for exam-
ple that -50°F with an air movement of 0.1 mph has the same
windchill value, and therefore is predicted to produce the same
sensation on exposed skin, as -16°F with a wind of only 1 mph
or +14°F with a wind of 5 mph. (Windchill Nomogram, Bottom-
lay and Roth, 1968)
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might be concluded that under conditions of heat stress, simple psycho-
motor tasks show no difterence or are facilitated. wlnle nore mmpIC\( of
cognitively oriented tasks are seen to sutfer.

The relationship between psychomotor performance and subjective esti-
mates of conmifort as shown by Dean and McGlothlen (1965) provide un-
other clue to the interaction between the simple and more complex or
cognitive task effects, They found no effects on performance as a function
of heat; however, subjective estimates of comfort and performance were
found to be related und were significantly influenced by heat (Figure
5-2A). Subjectively, performance was judged to drop off sharply, the cog-
nitive component was affected, even though this was not evidenced in the
task performance data.

For multiple complex task performance involving a great deal of higher
mental processing such as aircraft piloting, we find a striking lack of solid
cesearch data. One study (Blockly and Lynan. [951), evaluating the etfects
of temperatures higher than those we initially looked at, provides some
important findings. The task required trained pilots to fly a prescribed
flight pattern in a simulated aireraft cockpit under high ambient tempera-
ture conditions until their tolerance limit was reached (ranging trom a
mean of 61 minutes at 160° to 21 minutes at 235°). The authors report
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Figure 5-2A. The Effect of Heat Stress on Subjective Estimates of Perfor-
mance and Comfort; Measured Performance Was Not Affected
1 (Dean and Mcglothlen, 1965) ’
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that signiticant deterioration in performance simultaneously occurred with
distress symptomus verbalized by the subjects. While all subjects displayed
this deterioration. the pilots who were more competent at the control
temperature 80° F had one-third the errors of the less competent pilots at
the 200° F condition. This finding suggests that high skill levels can miti-
gate the influence of heat and stress. Subjects found themselves concen-
trating-on one instrument at a time. so that by the time one flight function
wis adjusted to the correct value they would suddenly realize another had
deviated from the desired reading. The ability to shift attention buck and
forth between sub-task elements was that which was impaired du.ing the
high temperature exposures. These results are comparable 1o eftécts of
fatigue und high task loading. '

The evidence that heat affects humun performance is not without its
meonsistencies; however. it is certainly reasonable to conclude that decre-
ments become more pronounced as task complexity. exposure durations.
and temperatures are increased: An important fact to note is that training
appeurs to alleviate or reduce the onset of performunce decrements to some
extent: however. training is obviously not a panaceua. The effects of pro-
fonged quasi-.compensable and rather short non-compensable heat will de-
grade the ubility of un operator to attend to the elements of a multi-
component task. The operator will attempt to perform only those task
components which lie feels are most important. essentially forgetting about
the remainder.

The reported effects of cold temperature environments on psychomotor
performance are relatively tree trom inconsistency. The primary reason for
this is that tactual sensitivity and manual dexterity are elemental in the
performance of psychomotor tasks. The direct effects of cooling on the
temperature of the skin and the viscosity of the fluids in the joints reduces
manual dexterity und sensitivity of the skin to stimulation in 2 very orderly
and progressive manner, i

Tactual sensitivity is markedly affected by lowered skin temperature
caused by the combined effects of red.iced environmental temperatures and
wind velocity. The uability of an individual to disciiminate the separateness
in space of ‘wo points or two straight edges placed on the finger, appears
to approuch infinity at skin temperatures slightly greater than treezing.
Impairment has been found to begin at skin temperatures as high as 86° F
for tactual sensitivity and 68° F for kinesthetic sensitivity. This minimum
impairment becomes more serious around 43° F and marked decrement in
sensitivity has been found at 30° F. A particularly critical tXtor in the
maintenance of pert ».nance is that the individuals are. rarely aware that
the skin temperaturc. are so low and do not initiate preventative or reme-
dial measures. N ,

Reduced tactual sensitivity is generally associated with a reduction in
manual dexterity. Investigations of maunual dexterity have found progressive
O
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decrements as joint surface temperature drops below 43° F. Regardless of
body temperatures, subjects with cold hands vr fingers showed significant
dexterity performance decrements, while those with warm hands showed
no such decrement. There is some indication that in tasks where forearm
muscle involvement is required, the temperature of the forearm can be
critical in maintaining manual dexterity in the cold. Performance may also
be somewhat impaired as a result of distraction caused by the discomfort
of the cold, particularly under conditions where local cooling of the hand
occurs and something more than light pressure is required to make the
response. '

it is reasonably safe to conclude that the limiting factor for psycho-
motor task performance in the cold is the temperature of the extremities.
if performance is to be maintained or extended at extremely low tempera-
tures, methods to protect the hands and fingers (or teet) must be provided.
There are difficulties and penalties associated with this protection. It has
been tfound that frequent warming of the hands and body can be a satis-
factory remedy: but is a remedy which requires additional time away from
the task and, inerefore. may be neither practical nor econoniical for many
tasks un%emergencies.

(b) Noise . : )

Noise is usually defined as any undesirable nonsymbolic meaningless, or
meaningful sound. Undesirability of sound is based upon its capacity to
reduce psychomotor performance, produce annoyance, discomfort. or in-
jury.

The important parameters of sound (or .noise), are frequency und wave-
form, amplitude, and duration. Wavetorm is often specified in terms of the
various frequency components of the sound and may be referred to as
periodic (a series of integrally related single frequency components) or
aperiodic (discrete frequency components or a continuum of components
distributed over a broad band). Amplitude is measured as the alternating
sound pressure superimposed on the normal atmospheric pressure in dynes
per square centimeter or the equivalent, the microbar. Because man can
hear sounds over an extremely broad range of sound pressures, it is cus-
tomary to deal logrithmically with the sound pressure level with a relative
unit calieu a decibel (db).

The prediction of noise tolerance is difficult because of individual dif-
ferences, and its dependency on the duration and spectral composition of

“the sound. As would be expected, hearing losses resulting from noise ex-

O

posures are greater with the higher noise (pressure) levels, longer exposure
durations, and to some extent, with shorter bandwidths within' which the

.energy is concentrated. Temporary heariug losses are produced rapidly and-

reach the maximum within about 7 minutes for exposure to pure tones.
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The maximum loss from wide-band noise takes longer and depends upon
whether or not it is steady-state or intermittent noise. -

The extent of the annoyance or distraction produced by noise will de-
pend upon. its intensity and frequency, the subjective expectancy of its
onset and feelings of its necessity, and the nature of the listener’s activity
and habituation. It is obvious to everyone that high levels of noise will
disrupt auditory monitoring and communication performance. Noise mixed
with a signal tends to raise the threshold tor hearing the signal. This eftect
is called masking and .the effect is greatest when the signal and noise are of
similar frequencies.

Intermittent noise tends to have greater disruptive effects than the more
rapidly habituated steady-state noise. Based upon reported data and some
postulation, Teichner and Olson (1969) generated a series of curves (Figure
5-3A) representing attentional loss and recovery associated with expected
and unexpected, steady-state and fluctuating noise. They assumed that the
noise has no effect other than that of disruption. If the effect of noise is
distracting, it should affect more complex tasks which require either a
division of attention across several elements or the processing of signals at’
high rates. Accordingly. the greater the number of displays, or the com-
plexity of a display. the greater is the likehhood that noise will interiere in
task performance.

There is little evidence which indicates that noise environments, below
destructive levels, have significant deleterious effects on non-auditory per-
formance tasks beyond that of distraction or annoyance (Roth and Cham-
bers. 1968: Morgan, et al, 1963). However, extremely high levels of noise
can interfere with the accuracy of precision manual-de\(tenty tasks through
noise induced vibration of body parts.
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fn general, we may conctude that noise will have its greatest effects on
complex psychomotor performance tasks. Tuasks which produce incoming
signals at relatively high rates. or require attending to a number of stimulus
clements or displays, will be most seriously affected. While it may be
expected that the disruption of attention can result in focusing on only the
more critical task elements, even those tasks which are complex or have a
high information load will be atfected. These conclusions have particular
importance when viewed in a total task environment. We can expect noise
effects to amplity in the presence of other tactors which either reduce or
place heavy demands on concentration and attention. Such tuactors as tu-
tigue and task overload are prime targets for amplification of performance
degrading noise effects.

There is some evidence which indicates that the effects of noise on
-performance are not all bad. Roth and Chambers (1968) indicate that noise
and variations in noise patterns may have possible uses as positive psycho-
Jogical stimuli in the alleviation of isolation and monotony. In other cases,
performance facilitation has been reported. The arousal effect of noise hus
been postulated as the mechanism to account for this facilitation. A recent
study of tuarget detection (Warner, 196Y) showed that while target detec-
tion time was not aftected by noise levels. the number of detection errors
decreased significantly us the intensity of the noise increased from an un-
specified control level to 90 db and 100 db. It could be postulated that the
more intense noise was more arousing, and that this increased arousal facili-
tated performance as measured by the reduced error.

{c) Altitude

The psychomotor effects of altitude are due to the reduced purtial pres-
siie of oxygen, which is well known as one of the most critical require-
ments for human survival. The magnitude of these effects depends upon
the extent and duration of the reduction in oxygen supply. There appeurs
to be nu evidence that high altitude without a corresponding oxygen de-
ticiency (hypoxia), as measured by arterial saturation. will lead to perfor-
mance decremep .

The air we b athe contains approximately 20.95 percent oxygen. If we
assume that the atmospheric.pressure of dry air at sea level is 760 mmHg,
the partial pressure of oxygen is 159 mmHg. At 10000 ft.. the atmo-
spheric pressure of dry uir drops to 522 mmHg and the partial pressure of
oxygen takes a corresponding drop to 109 mmHg. The partial pressure of
oxygen in the lungs (alveolar) and blood (arterial) is related to the atmo-
spheric oxvgen partial pressure in a somewhat complex fushion. Although
oxygen pariial pressure decreased linearly as o straight line with increasing
altitude, the ubility of the blood to hold oxygen goes down a slight slope
for a short period (to 12 or 14 thousund et altitude) and then drops over
a precipice. -
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The most sensitive indicator of hypoxia is the loss of visual func.nns.
The effects of hypoxia may occur at 4,000 {t. in the form of diminished-
night vision and if one is at 8,000 or 9,000 ft. without supplemental
oxygen, allowance should be made in those situations demanding good
night vision or a high margin of safety. At 10,000 ft., the effects of
hypoxia are definite, but generally unrecognized by the individual. Tasks of
complex coordination and manipulation, such as handwriting begin to de-
teriorate in quality. McFarland (1968) admonishes that this is the maxi-
mum altitude at which an individual should consider his judgement to be
sound and his perfurniance acceptable.

At approximately 14,000 ft., McFarland considers an individual to be
“appreciably handicapped.”™ There is a dimming of vision and narrowing of
the field of view. tremor of the hands, and impairment of thought and
memory and, therefore, errors in judgement and performance. Disorienta-
tion, belligerence, or euphoric behavior and complete lack of rational judge-

. ment are observed at 16,000 ft. Less complex tasks such as pursuit and
compensatory tracking and reaction time begin to deteriorate above this
altitude. The average individual is considerably handicapped. dangerous as a
pilot. and unable to perform reliably in other operational situations. At
18,000 ft. and above. the individual is seriously handicapped and is on the
verge of collapse. '

The duration of hypoxic exposure necessary to elicit the mentioned
symptoms is very short, usually considered in terms of minutes of expo-
sure. The critical duration may be exceeded to some extent by individuals
who have unusual tolerance or resistance to hypoxia. Tasks for which the
operator is highly trained or that require little effort or emotional response
permit similarly longer periods of usetul ‘operation (Morgan, et al, 1963).
However, “individuals who smoke should consider themselves 4.000 to
5,000 feet altitude above the non-smoker because of carbon monoxide
levels in their blood and impaired diffusion of oxygen in their lung aiveoli”™
{(McFarland, 1968, pg. 7). ‘

Perhaps the effect that is most dangerous to health and safety as well as
acceptable’ task performance is the insidious onset of hypoxia. Experi-
mental subjects are .not aware of the impairment of their sensory. judge-
mental, and motor performance and are therefore unable to compensate for
the decrements by exerting a greater effort. Individuals with operational
experience at high altitudes must rely on their training and knowledge of
altitude conditions in order to take action to preserve performance levels.

(d) Vibration
Vibration may well be one of the most common environmental stressors
“to which man is exposed. Every time he rides in a car, bus, truck, ship or
airplane he is exposed to vibrations of varying degree, sometimes mild,
sometinmes annoying,. and sometimes painful. Perhaps less obviously,
Q '
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vibration is a problem in work settings as well, such as using hand tools
operating machinery, or working on production lines. Of interest to us are
the effects of whole-bady vibrational forces which displace bodily tissue
beyond the threshold of perception and those which produce decrements in
performance and feelings of annoyance and fatigue. In general these full
within the category of relatively high amplitude. low frequency vibratory
forces of the type generated by machines or vehicles (Figure 5-4A).

The mgjor parameters of vibration which are relevant to human vibra-
tion research are frequency. displacement, acceleration, and jolt.

Frequéney is normally specified in cycles per second (cps) or Hertz (Hz)
just as with noise. Displacement is defined as the maximum half-wave (sin-
gle amplitnde) or full-wave (double amplitude) disptacement of the vibrat-
ing body. Acceleration is the second time derivative of displacement
{inchesysecond or ¢m/second) and is expressed as maximum or peask “g"”.
For random vibration it is customary to express acceleration as root mean
square {r.n.s.) acceleration. Jolt is the rate of onset of linear impact and.
as the third derivative of displacement. is expressed in inches/second?.
While intrequently reported in human vibration research, jolt is a significant
factor in the evaluation of human tolerance to very low frequency vibra-
tions such as the 0.5 Hz vibration of impact. As with 4ll the other stres-
sors, the duration of vibration is important in establishing its effects.

Vibration frequency ditterentially affects the various portions of the
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human body. These ditferences are caused by impedances of the body and
its parts and organs which damp vibration over certain trequency and dis-
placement ranges. Likewise, for certain other trequencies and displace-
ments, there are resonances which amplify the vibration within various
portions of the body. The smaller the mass of the body part, the higher is
the resonant frequency.

In addition to the biomechanical view of bodily response to vibration,
subjective reaction studies have provided data relative to transient sensa-
tions which accompany whole-body vibration. Extensive catalogs of the
bodily sensations to longitudinal vibration have been developed uacross the
frequency range of | to 30 Hz tor both seated (Parks and Snyder, 1961,
and Chaney, 1964) and standing (Chaney, 1965) subjects (Figure S-SA),
The reports obtained from subjects have emphasized sensations of a dis-
turbing or even painful character, involving itching, flupping or shaking of
skin or appendages. mild pain, pressure and .perceived tightness, as well as
functional hinderances such as swallowing difficulty and blurring of vision.
Beaupeurt et al (1969) have summarized the effects of vibration on the
different bodily areas as a function ol trequency for seated (Figure 5-C.4)
and standing (Figure 5-7A) subjects. In general, low trequency vibruaon (1
to 14 Hz) has the greatest subjective impact on the trunk «nd internal
organs, while vibrations in the 15 to 27 Hz range are more disturbing to
the head. : ’

Vibration-tolerance criteria for vibration exposure is somewhat ditficult
to specify. The limits developed by various investigators agree only within
limits since the evaluation criteria, positioning, and body support have
marked effect on subjective estimates of comfort. The present table limit
and the linearized step curve in Figure 5-8A provide a good indication of
tolerance limits to sinusoidal vibration.

The psychomotor effects of vibration are generally considered to be
caused by direct mechanical interference, and in some cases as indirect
effects resulting from fatigue. The mechanical interference characteristics
would lead us to expect that vibration will primarily affect the motor
component of task performance, with some effects on the visual compo-
nent for tasks demanding relatively precise visual fixation.

Vibration of either the viewer or the object can blur vision over certain
frequency and acceleration ranges and is usually attributed to movement of
the retinal image at a speed too great to be followed by the eye (Tears and
Parks, 1963). There is no clear-cut eviderice that the mechanical decrement
in acuity is either purely frequency dependent or displacement dependent,
however, the ability of the human eye 10 follow sinusoidal relative move-
ment of a target begins to break down at 1 to 2 Hz.

Primarily visual tasks which do not require acuity or the ability to fixate
are normally unaffected by vibration while secondary visual tasks are af-
fected. This tack ot etfect on the primary task is evident in two studies of
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Figure 5-6A. Frequency Range for Concentrations of Disturbing Sensations
for Whole-Body Vibration of Seated Subjects (Beaupeurt, 1969)




BEST COPY AVAILABLE

104 THE PSYCHOMOTOR DOMAIN

{HEAD) :
8-27H_ (EYES & VISION)
12-27H,
{ARMS & SHOULDERS)
2-8H, (CHEST)
2-12H,
(LOWER BACK)
6-12H, (ABDOMEN)
3-
(BUTTOCKS & THIGHS) 144,
28H,
(BOWEL-
BLADDER PRESSURE)
10-27H,

Figure 5-7A. Frequency Range for Concentrations of Disturbing Sensations
for Whole-Body Vibration of Standing Subjects (Beaupeurt,
1969)
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Flgure 5-8A. The Effect of Random Whole- Body Vibration (0.2 to 0. 8 RMSg)
on the Accuracy of Inserting 8-Digit Numbers for Various Cor.-
trols (Dean et al, 1969).

warning light monitoring tasks embedded in a group of simultancously
- -performed tasks (Holland, 1967 and Shoenberger, 1967).

Two major results were obtained: first, the significant decrements that
occurred were at the higher g levels; and sccond, the stress of vibration
environments brought about a reduction in the range of visual cue utiliza-
tion .that was seen. uas :i decrement in the most peripheral components of
the tasks. Vibration can be viewed as producing an additional opcrdtlve
load much like the cffect of task overloading. :

In what may be a classical-approach to studying the effects of random
vibration on psychomotor performance, Dean et al, (1969) conducted three
experiments to determine the effects of mechanical vibration on the opera-
tion of decimal input controls. The task required the subjects to view an
eight digit register and input the numbers into a controt system as rapidly
and accurately as possible. There were six input panel configurations and
four basic types of controls: push buttons, toggle switches, rotary switches,
and thumbwheels. The vibration environment was a random, 2 to 30 Hz
spectrum which ranged’ in iatensity from 0.2 to 0.8 rmsg with a control
condition. In the first expcriment, insertion time and all error indexes
showed mgmﬂmntly poorer performance ‘under vibration (Figure 5-9A).
After the subjecis had learned the task and had become practiced in per-
forming under vibration in the earlier experiment, they were uble to main-
tain accuracy in the last study by taking tonger time to perform the task. .
The outstanding feature of this study is that, with training. subjects are
able to continue to perform ‘in an integrated manner at all levels of vibra-
llOI‘l even though the upper levels were sufficient to cause mtense discom-
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Figure 5-9A. Performance of a Compensatory Tracking Task as a Function of
Frequency and Intensity. of Transverse Whole-Body Vibration
(Hornick, 1961)

As we look at more complex tasks such as compensatory tracking, we
find that whole-body sinusoidal vibration at acceleration-amplitudes ex-
ceeding 0.1 g in the 1 to 30 Hz frequency range can produce a significant
increase in errors (Roth and Chambers, 1968b).

Hornick et al (1961) have shown that transverse or lateral vibration,

.signiﬁcantly lowers compensatory tracking performance. The frequency of

1.5 Hz was considered to be a particularly disturbing frequency of vibra-
tion. What appears critical is that the frequencies which produce the great-
est resonance in the task-involved body part will produce decrements in
psychomotor performance at relatively low g levels (Holland, 1967; Harris
and Schoenberger, 1966) and we see the greatest decrement in performance
when tracking in the same axis as the vibration (Morris, 1966; Holland,
1967). '

The six hour duration of vibration exposure makes Holland’s (1967)
study unique in vibration research. By maintaining the test subjects in a
continuous environment he approached more closely the conditions often
found in the real world work setting. As might be expected, the duration
of exposure had its effect on performance. Almost without exception,
tracking error progressively increased throughout each test session. Con-
sidering its significant effects on performance, we can guess vibration will
considerably amplify fatigue effects due to other causes. Similar to the
results obtained by Dean, et al, (1969), a second result was that perfor-
mance improved over test sessions. Hotland indicates that the improved
tracking performance across test sessions probably reflects an acjustment or
adaptation to the vibration conditions. It appears appropriate to imply
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there are two learning situations: learning to perform the task and learning
to perform the task under conditions of vibration.

We cun conclude that the effects of vibration on measures of psyuho-
motor performance have yielded varied results depending more on the na-
ture of the tests than on the quality of the environmental stress. In general,
those tests which call for maintained intensity . gross motor movement, or
are primarily mental or cognitive in nature, reveal little or no decrement in
performance during low frequency vibration. On the other hand, tasks
which require precise muscular coordination or positioned control of limbs
and éxtremities do show uadverse eftects. The quality of the vibration has u
somewhat confusing influence on performance and is most probubly related
to the intensity of the vibration which affects the portion of the body
niost involved in performance of the task. While it is evident that vibrations
encountered in many work settings will have detrimental effects on task
performance. the effects may be partially alleviated through training pro-
cedures which expose the learner to the vibration conditions he is expected
to-encounter.

{¢) Combined Environment.l Stressors
Environmental stressors have been investigated for decades. A survey of
the available literature, however, will reveal that almost all of the studies

_have investigated only u single environmental stressor. Only rarely have two

or more stressors been investigated in combination. In attempting to under-
stand and predict the effects of cyombinulionsAof stressors which are char-
acteristic of aerospace systems, this lack of investigation produces an emer-
gent ettect which is not equal to the simple sum of the single effects.

To extrapolate the effects of combined stressors from data obtained
from studies of single stressors may be dangerous. Take for example the
designer of 1 new space vehicle who is concerned sbout the combined
effects of temperature, noise, and vibration. If he simply adds the single
effects to predict the combined effect, and the effects are more than uddi-
tive, the pilot may be unable to perform his tasks or injured. However, if
the effects are less than additive, the vehicle will be over-designed and
unnecessarily expensive. This non-additivity may be thought of as an inter-

- action similar to that in which the properties of a combination of elements

(water) may qualitatively differ from the properties of any or all of the
elements (hydrogen and oxygen). We illustrate this interaction, within the
context of environmental stressors, with a combination of stressors which
produce a decrement in performance which can not be predicted from an
addition of the individual effects. Of. considerable interest has been the
attempt to describe the nature of the combinations or interactions between
stressors: are they additive, more than additive, less than additive, or pre-
duce no effect when combined.

O
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Unfortunately, much of the work with combined stressors is as incon-
sistent as thuat with the single stressors. In 1964 Dean and McGlothlen
(1965) attempted to determine the nature of the combination of the ef-
fects of heat (70° to 100° F) and noise (70 to 100 db) on human perfor-
mance, comfort and physiology. They required their subjects to simul-
taneously perform tasks of tracking. radar monitoring, and meter monitor-
ing. Outside of a single facilitory noise effect of reducing response time on
the meter monitoring task, there were no differences between the stress
and control conditions, n1ud1 less any indication of an interactive effect of
the combination.

A following study by Dean, McGlothlen. and Monroe (1%4) was de-
signed to evaluate the effects of repeated exposures to noise and vibration.
Six helicopter pilots were tested under seven 40-minute exposures to real-
istic helicopter noise (up to 114 db) and vertical vibration (up to 0.41
RMSg) over a six-hour period. The tasks performed by the pilots were
representative of cockpit tasks and included tracking, meter and warning
light monitoring. and operation of switch action controls. No evidence of
physiological or performance degredation was observed. In fact, the only
performance change observed over the seven repeated exposures was signifi-
cant improvement in tracking performance from the first of the last trials
which may be interpreted as a learning to pcrform under conditions of
environmental siress.

Two additional unreported studies by Dean (1964 uand 1965) investi-
gated the combined effects of heat (to 105° F), noise (to 124 db), und
vibration (to 3.0 RMSg) on the ubility to fly a realistically simulated three
stage booster into orbit. Ten highly competent pilots and astronaut trainees
flew the 9.5 minute boost flight using a complex of flight instruments and
controls. The data in both studies failed to show any decrement in per-
formance as compared to the control conditions.

We still cannot believe that stressors in combination produce no meu-
surable effects on performance. The luck of decrements similar to those
shown in single stressor studies cannot be attributed to lower task com-
plexity. as these studies cover the runge of tasks and complexity of any
other study reported. The deciding factor may well lie within the realm of
training and motivation. In all of these multiple stress studies conducted by
Boeing, the subjects were highly skilled and experienced pilots who had
been given additional training on the tasks (which were analogous to those
of" flying). Being professional pilots, they had an extremely high sense of
motivation to do their job well aund when their piloting skills were being
measured, they showed a highly competitive spirit which seemed to lead
them to apply their utmost capability to perform the tusks well, regardless
of the conditions. .

The significance of the benefits to be derived from high motivation and
eXtensive training in the task can be inferred by comparison of results from

O
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a contrasting study by Dean and McGlothlen (1962) where the interactive
effects of heat, noise and altitude were clearly shown. The subjects in this
study had neither the prior task training and stress experience nor the
motivating attitude associated with the subjects used in the studies de-
scribed above.

The etfects of eight environmental conditions were investigated which
involved all possible combinations ot the three single stress conditions
{noise-temperature, noisc-altitude. temperature-altitude. and noise-tempera-
ture-altitude) plus a non-stress control condition,

Nine measures of performance were obtained: four dealt with tracking,
three with radar warning, and two with meter monitoring. All tasks con-
tained both sensory and motor components and were characterized as
either primary or secondary tasks.- The data showed that both primary and
secondary task performance was generally adversely affected by the single
und combined stressors. The importance of this result rests with the fuct
that the subjects used were not highly trained. expericnced. competitive,
and motivated pilots which werc used in the later studies described above.

The second major -result of this study (Dean and McGlothlen. 1962)
shows that where stressors do affect performance. combinations of environ-
mental stressors may have different interactive effects on primary and
secondary task performance (Figure 5-10A and 5-11A). The four combina-
tions of environmental stressors affected the primary task of tracking in
either an additive or ‘less than additive manner while the ettect of the
stressor combinations on the secondary tusks was essentially opposite.

The less than udditive effect on the primary task and the mure than
additive effect on the secondary tusks suggests that the subjects concen-
trated on the primury task at the cost of greully decreusing their pertor-
mance on the secondary tasks,

The narrowing of ficus on only the key task elemems paralleling
similar effect on fatige= and task overload, may have important implica-
tions in the performan.e of even highly trained and motivated people. If
the conditions of comnined stressors, fatigue. and task overload arc all
present in an operatio:al situation. it is probable that psychomotor per-
formance will be degrided unless the utmost in motivation and skill level
are present,

O
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Section B. Time and Work Effects

~ Processes and events occuring during passage of time mnay affect both rate
and level of learning, as well as task performance output.

Time and work effects are interactive, since work eftects show up in
performance over time. The combined effects also interact with motivation
and skill. Figure 5-1B shows typical performance decrements for several
different types of tasks. These decrements may be controlled. reduced. or
even eliminated by judicious task design, work-rest «.yde programming. and
motivation management.

Vigilance

The most dramatic time-effect is seen in vigilance performance decre-
ment. Vigitance is a perceptual task: in effect. watch-keeping. monitoring.
or inspection. where an observer is required to detect infrequent. random.
tow-intensity events. The simplest cure is to relieve the obsesver after 20 to
30 minutes but this is expensive. since it increases markedfy the number of
observers required to maintain constant vigilance, Perceptual performance

Figute 5 1P Depicts mean words and mean errors per minute
in rach of 30 consecutive man, of typing by skill
fevet N = 40 per tevel). (From West, 1969)
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such as vigilance (watch-keeping). monitoring or inspecting, can be sus-
tained by programming and highlighting stimulus material. so that critical
stimuli arc morc apparent, and by training the observer to anticipate time
and place of occurrence.

In a study of a simulated industrial inspection task, inspector efficiency
was maintained best if the signal rate was high. ie., there were many
defective articles, so that they appear at short intervals. This suggests that
“artificial defectives™ might be programmed into the inspection task (Bada-
lamente, 196Y). Detection performance can also be improved by training
the observer to know where or when to expect a signal. If the spatial and
temporal characteristics of the detection task can be specified. the observer
will have reference points. and can more efficiently focus his attention to
detect critical signals.

Perceptual performance can be enhanced by specific stimulus-response
training. with knowledge of results. Studies directed specifically to tech-
niques for improving perceptual training seem to be rare. but Annett
(1966) has described thrce methods of training in perceptual tasks which
lead to improved performance, compared to simple practice. Annett’s meth-
ods are: (a) cuing. by providing information about the forthcoming stimu-
lus before its presentation: (b) providing knowledge of results aflter the
response: and (c¢) reducing the difticulty of the material. All three were
superior to a simple practice sit’ugﬁon. Cuing was equal to or better than
knowledge of results and training on casy material was least successful.

Observers may also be trained to detect in themselves the symptoms of
“unalertness.™ and thus achieve a degree of motivational control. In an
article on “*Alertness Management in Industry.” related to production rate,
quality control, and operator satety (Moody and Duggar, 1966). alertness is
defined as *‘the state of readiness to made responses appropriate to the
requirements of the situation.” The nature of alertness is said o involve
not only vig'ilunce but “'set,” fatigue. sleep and sensory deprivation, stress,
and motivation. These authors “seriously doubt that people can be trained
to be aiert for long periods. They can. however, be trained to detect the
signs of unalertness and take preventive measures.” They cite, among truck
drivers, reliable but highly individualistic symptoms which warn of falling
asleep, and the idiosyncratic methods the drivers use to overcome sleepi-
ness. Harry Jerison, a leading contributor to theoretical research on vigi-
lance, has drawn some practical conclusions about alertness: ... the data
of vigilance experiments suggest that regardless of when a signal occurs. if
the observer is observing alertly he will not miss it. The ... applica-
tion .. .is ... concentrate on techniques for maintaining alertness . . . design
displays that make it more likely that the observer will be alert when a
signal occurs.”
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Fatigue

Fatigue is variously defined and measured in terms of physiological
states, subjective feelings. or measured performance decrement. Empirically
established relationships among these various measures are at best tenuous
and often contradiciory.

Physiological measures of fatigue include oxygen consumption, energy
expenditure, heart rate, and blood chemistry. Thus far, these measures have
not been effectively related to performance decrement. (Pierson and Rich,
1967)

Fatigue effects, or sheer work decrement, depend in part upon physical
fitness. but are also strongly influenced by worker skill and motivation.
Though physiologica: fatigue products generally reduce the body capacity
to perform work, sheer physical exertion does not necessarily lead to de-
graded task performance. In a study of the effect of a burst of violent
exercise upon performance of skilled visual-motor tasks, one .group of
normally-fit men were compared to a group especially selected for out-
standing physical fitness. Among normally-fit men, on a medium difficult
task there was no performance decrement; while .a very difficult task
showed a significant decrement in tracking efficiency. For the “ultra-fit”
group the effect was trivial and not significant (Hammerton and Tickner,
1968). Thus, jobs known to invalve strenuous exertion should require selec-
tion for, or training in, physicu’!: itness. :

Subjective measures of fatigue range from reported “feelings of tired-
ness’’ after intensive exertion, to “feelings of boredom™ after sedentary

" activity. These measures can sometimes be related to performance decre-

ment, but the relationship is very likely confounded in that both perfor-

“mance and subjective feeling reports may be functions of the subject’s -

motivation to perform the task. It has been empirically established that
students or trainees are notoriously poor judges of their own fatigue, or the
effects of fatigue on their own performance.

As with environmental stress, fatigue effects may be confounded with
task complexity. Fatigue may have subtle effects only on secondary tasks.
Workers may be trained to detect fatigue symptoms that presage perfor-
mance decrement (Moody & Duggar, 1966), and trained or instructed to
attend most carefully to critical tasks in a multi-task job.

Work-Rest Cycles

Human performance is susceptible to diurnal and circadian rhythms, as
well as a variety of other neurophysiological and psychological periedicities.
A recent discussion on man’s normal neurophysiological and psychological
rhythms, points to “some 50 such patterns of fluctuating functions. ..

O
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which .. .influence ... level of performance .nd ability to maintain per-
formance.”™ These performance variations are related to circadian rhythms,
and a variety of other physiological, neurological, biochcmical, cultural,
occupational, and personal periodicities.

The most familiar circadian rhythm is the diurnal alternation of sleeping,
waking, and eating. This cycle is of interest to SST developers, who recog-
nize that flight crews will be called on to shuttle over longer distances,
faster, and more frequently.

Obviously, adjustments are possible. Humans can adapt to working on
altered cycles: and it is possible to control the environment to preclude
obvious changes in diurnal cycles. The story may be apocryphal, but it is
alleged that Russian pilots, after crossing seven time zones from Moscow to
Havana, are restricted to a controlled layover hotel, where lighting, medls,
and even clocks are maintained on Moscow time.

Trumbull (1966) points to cyclic variations in reaction-time, memory, .
various performance tasks, as well as a variety of internal states, and con-
cludes “that mental and physical efficiency correlate with basic physio-
logical rhythms.” These rhythms range from neural activity in the reticular
activating system in the brain stem, through refractory periods in a nerve
cell, to time-of-day, and beyond, to lunar cycle periodicities. He suggests
that we prepare “periodicity maps™ with which to coordinate activity
schedules. These periodicities are reliable, yet quite individual.

Moody and Duggar (1966}, discuss individual differences in the times at
which peak arousal may occur, and. suggest, for highly critical task situa-
tions, that work be cycled to, coincide with the individual’s natural period
of peak arousal or periodicity map.

Chiles, Allusi, and Adams (1968) report on cyclic variations in physio-
logical states (pulse rate, skin temperature, axillary temperature, and skin
resistance) and performance on psychomotor and cognitive tasks. Their
studies, in support of long duration mission aircraft development, sought to
establish manning requirements, work;rest schedules, and mission duration
limits. Mission task performance and physiological states were both related
to diurnal cycle as well as to work-load, work period duration, work/rest
schedules, duty period duration, and mission duration. Their results are
specific to the-system situation, but they show generally that performance
on a 4-on/4-off schedule was comparable to a normal eight-hour split-shift
work day; and that the 4/4 schedule was better (in terms of performance)
and less taxing (in termns of performance reserves) than a 4/2 schedule.

Circadian rhythmic peaks in both performance and psychophysiological
functions tended to occur in parallel. This diurmnal performance variability
was brought under motivational control, however, by 6 highly motivated
Air Force cadets who were instructed in diurnal effects and urged to work
to prevent decrements (Chiles, et al, 1968).

Work/rest schedules in industrial situations involve shift structure,
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scheduling of rest pauses. and the nature of the rest puuse. Shift schedules
which are contrary to worker preference muay produce morale problems
rather than direct work performance decrement (Dirken. 1966).

An applied industrial study of the nature of a rest pause compared 2
passive pause to a gymnastic pause. The gymnastic pause resulied in im-
proved hand steadiness. diminished general futigue and eye fatigue, faster
work, and greater muscular strength. So rest. per se, is not the ideal way to
fill a coffee breuk (La Porte, 1966).

A common .instructional work cycle is the conventional method of pre-
senting short 1 to 3 minute practice and test sessions in early typing
training, Typing performance measured over 30-minute practice sessions,
however, produced both word-per-minute und error-per-minute scores which
were surprisingly stable. Absolute decrements were trivial (West. 1969). Of
further interest to typing instructors was the finding that it takes at least a
S-minute straight-copying typing test to achicve a reliable measure of typ-
.ing error. '

The studies in the urea of work scheduling lead to the general conclu-
sion that both training and job tasks-can profitably be structured to take
advantage of recurrent peaks in capability, though there are social and
cultural limits ‘o the practicality of such programming. U.S. airline pilots
would not tuake kindly to a controlled layover hotel in Puris.

Summary - Time and Work Effects

Processes und events occuring during passuge of time may affect both
rate and level of learning. us well as task performance output. Time und
work effects are interactive, since work effects show up in performance
over time. The combined effects also interact with motivation and skill.

Perceptuul performance such as vigilance (“watch-keeping.” monitoring,
or inspecting) can be sustained by programming and highlighting stimulus
material, so that critical stimuli are more appurent. and by training the
observer to anticipate time and place of occurrence (Badulumente, 1969).
Specific stimulus-response training; with knowledge of results, will enhance
perceptual performance (Arnett, 1966). Observers may also be trained to
detect in themsclves the symptoms of “unalertness,” and thus achieve a
degree of motivational control (Moody & Daggar, 1966 Jerison, 1967),

Futigue cffects, or sheer work decrement, depend in part upon physical
fitness, but are also strongly influenced by worker skill and motivation. As
with cnvironmental stress, fatigue may have subtle effects on secondury
tasks: und subjective worker reports arc not reliable performance measures.
Jobs known to involve strenuous exertion should require selection for, or
training in, physical fitness (Hammerton & Tickner, 1968). Workers may be
trained also to detect tatigue symptoms that presage performance decre-
ment (Moody & Duggar, 1966); and trained or instructed to attend most
@ fully to critical tasks in a multi-task job.
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Human performance is susceptible to diurnal and circadian rhythms, as
well as some fifty other neurophysiological and psychologicul periodicities
(Trumbull, 1966). With special motivation. subjects cun minimize diurnal
variaticns in performance (Chiles, 1968). Work scheduling may preclude
both time and work decrements. if organized to take advantage of peak
capability periods, and avoid known cyclic depressions (Trumbull, 1966),

The single most importunt conclusion to be drawn from time and work
studies is that these influences will operate to some degree in uny job
situation. No urbitrary technique can provide a cook-book solution to im-
proved tesk performance. Job and task procedures must be structured. the
work-plice and environment engineered, und available personnel trained and
motivated in skills specific to the task.
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Sectien C. Toxic and Drug Effects on Psychomotor Performance

1. Introduction

The physiological basis o1 sensation and psychomotor performance is the
proper functioning of the central nervous system. Any drugs or toxic sub-
stances which affect the nervous system directly by stimulating or depress-
ing the function of neurons, or indirectly by affecting their blood supply
or metabolism or which affect the organs of special sense in any way,
would be the concern of this conference because they ultimately affect
psychomotor performance. In the basic review of toxic and drug effects
presented at the Psychomotor Conference, all drugs or noxious agents
which would fall under the above broad definition, understandably were
not covered. Nor, was it the original intent of the paper to provide such
broad coverage. Instead, presenting a limited range of information on toxic
and drug effects gleaned primarily from industrial, military or private re-
search sources, and grouped to be studied in relation to complex job be-
havior, was the objective of the review.

The reasons justifying this approach were essentially threefold. First,
traditional studies of toxic substances and drugs have generally emphasized
pathophysiological effects: remarkably little emphasis has been placed on
psychomotor or behavioral effects. Second, concern with environmental
pollution and the promiscunus use of drugs is expanding rapidly and at-
tracting the attention and participation of the educational community; con-
sequently, a summary of the somewhat complex behavioral relationships of
drugs and toxic substances could be useful particularly to those educa-
tional specialists interested in the psychomotor domain. Finally, to.ic and
drug effects research generated by nonprofit research organizations and
military-industrial groups is sufficiently unique and relevant to the broad
objectives of this conference to warrant special attention and reporting.
The summary and conclusions which follow reflect. in general, the above
intent.

T eliminate redundancy, the Summary and Conclusions does not paral-
lel the sequence of presentation by occupational classification. followed
within the body of the report. Instead the data in the combined section
have been related to psychomotor performance in its broadest context.

2. Surmmary and Cynclusions on Selected Areas

(a) Behavioral Drug Research: A Molar Approach. Information resultin
from research performed by industry, the military and nonprofit research
organizations on the enhancement or impairment of behavior induced by
drugs, toxic agents and unfavorable environments can be increasingly useful
O
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to educational specialists. These molar bel wvioral studies have special utility
since they are done in relation to activities (job-contexts) that are impor-
tanc to man, highlight the necessity of including human behavior as a vari-
able in toxic and drug effect investigations and support the need to use
human performance as one of the principal bases for setting standards for
environmental quality.

(b} The Psychopharmacology of Everyday Life. What Murphree, et al
(1967), have called *...the psychopharmacology of everyday life, the
study of the effects of numerous drugs with which people dose themselves,
often chronically for many ycars, often without or even against medical
advice, often for no discernible medical reason™ must necessarily be a con-
comitant consideration in any investigation that studies contemporary man.
This variable is of equal importance whether we study him in his terrestrial
or cxtra-terrestrial habitats or in the context of the manifold occupations
he may choose to earn~his livelihood. We generally find in his medicine,
liquor or kitchen cabinets the types of drugs reported in this review: ethyl
alcohol, aspirin and related compounds, antihistamines, various tranquilizers
or antianxiety drugs, stimulants such as caffine, pure or in tea or coffee,
and amphetamine, tobacco and a host of others. We also must include the
ubstances over which he has little or no control. The toxic as well as the
life supporting gases that are found in his natural or artificial atmosphercs
and the harmful or nutrient substances that are dissolved in the food he
ingests or the water he drinks. If the first order eftect of the psychophar-
macology of everyday life is ignored, second order studies on the behav-
ioral effects of toxic substances and drugs can yield only questionable if
not meaningless results. What effect the promiscuous use of drugs and
prolonged habitation in a polluted environment will have, not only on
performance, but on the more fundamental process of learning, is an in-
triguing question. It may become a requirement within th: field of group
and individual testing to standardize test instruments on populations de-
scribed both in conventional terms such as age, sex, intelligence, etc., and
equally important, on the psychopharmacology of their everyday life.

(c) Behavioral Effects Associated with Small Doses of Carbon Monox-
ide. The work by Schulte (1969) and Beard and Wertheim (1967) is of
special significance to this conference. These researchers dared to investi-
gate the eftects of concentrations of carbon monoxide (CO) below 100
parts per million (100 ppm), an air quality standard that had long become
frozen into common usage. Although it had been repeatedly stated that
below this level there are no perceptible physiological etfects, they under-
took the exploration of this region looking for subtle behavioral changes
and found them. In Schulte’s study, the effects of exposures for varying
lengths of time to an atmosphere containing 100 ppm of carbon monoxide
were measured in a group of 49 healthy men between 25 and 55 years of
age. This exposure produced levels of carboxyhemoglobin in the blood of
the subjects ranging from 0 to 20.4%.
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Impairment of function due to carbon monoxide occurred earliest in the
higher centers of the central nervous system in that area (or areas) of the
brain which controls some of the cognitive and psychomotor abitities. tm-
pairment was detectable at levels of carboxyhemogtobinbelow 5%. and the
degree of impuirment increased with increasing concentration of the car-
boxyhemoglobin in the blood. Subjective symptoms did not occur nor were
any physiologicul activities affected at levels of carboxyhemoglobin below
20%. Thus. alteration can and does occur at much lower levels of carboxy-
hemoglobin than those which are necessary to produce subjective symp-
toms or alter physiological signs. Furthermore. the degree of alteration in
psychological abilities may be quite profound before any clinical signs or
subjective symptoms are elicited. For exaniple. there was a tenfold increase
in number of errors in choice discrimination when the level of ciarboxy-
hemoglobin in the blood reached 20%.

Tuble 5-1C gives the number of observations. the meun levels of response. the
ranges of response. and the correlation cocfticients between the particular mea-
suremert for each of these activities and the level of carbon monoxide in the
blood. A graphic depiction of the results is illustrated in Figure 5-1C.

Table 5-1C — Mean of test response at each carboxyhemoglobin level

Arithmetic Crossing
Response Errors Plural
COHgb% No. of Noun Time Time

Observat'ns Letter Color Time (Sec) Errors (Sec) Errors
0.00 64 9.1 8.4 166 778 3.7 91 1.85
1.0 2 7.0 1.0 147 932 6.3 91 2.50
2.0 5 5.6 7.0 154 759 4.1 107 2.33
3.0 14 10.0 98 178 790 5.7 92 2.60
40 4 105 125 184 644 50 81 3.00
5.0 9 173 19.5 176 807 49 124 5.69
6.0 1 6.0 7.0 170 776 4.5 149 3.67
7.0 12 20.2 20.8 165 787 36 109 2.20
8.0 3 21.0 256 252 902 5.3 162 3.60
9.0 3 28.0 28.6 202 840 25 72 9.00
10.0 8 225 24.2 199 963 74 144 4.70
11.0 5 18.2 214 207 835 4.6 152 2.83
13.0 6 23.0 333 216 1,039 3.2 107 3.25
14.0 6 30.0 326 226 944 6.5 148 5.50
15.0 7 38.6 379 237 1,110 4.3 158 3.13
16.0 10 41.2 419 235 835 6.0 . 220 3.75

17.0 2 320 36.0 222 - - - -
18.0 5 38.6 43.2 244 1,064 6.2 233 6.80
19.06 2 - - - 1,015 6.0 299 8.00

20.0 2 70.0 835 208 - - - -
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Figure 5-1C. Effects of Mild Carbon Monoxide Intoxication on Psyctiomotor
Abilities (After Schulte 1963)
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Beard and Wertheim (1967) decided that improvement was needed in
the methods of setting standards of air quality. In establishing such stand-
ards, they proposed that the effect of various pollutants upon human per-
formance should be considered. Toward this end, the effects of exposure to
carbon monoxide upon the ability of 18 young adults, U.S. Army Person-
nel, to discriminate short intervals of time were studied. Deterioration of
performance was observed. This occurred after 90 minutes at 50 ppm, and
at proportionately shorter times after exposure to higher concentrations up
to 250 ppm. The value of using a behavioral parameter to elicit impairment
associated with small doses of a noxious agent was confirmed.

The results from their two studies obviously do not justify the immedi-
ate establishment of new air quality standards or threshold limit values, see
Figure 5-2C for carbon monoxide values. Also, considerably more study is
required before the significance of performance decrements they identified
which are asiociated with low concentrations of CO., is fully understood.
However, their work does point out the necessity to include studies on the
effects of toxic agents on both simple and complex patterns of behavior as
well as to apply experimental methods and techniques from the behavioral
sciences: (a) to assist us in understanding the mechanism of their toxic
action, (b) to generate data which may ultimately provide a more rational
basis for setting safer standards of environmental quaiity, and (c) to help us
in evaluating the effects of noxious agents upon man’s capacity to both
learn and to perform important psychomotor tasks.

The graph in Figure 5-2C shows the effects of carbon monoxide on man
as functions of concentration and exposure time. Milder effects are shown
as a lightly shaded band of exposure times on concentrations, while dan-
gerousz of lethal times and concentrations aie grouped in the heavily shaded
band. The solid lines are the exposure limits set by the military services for
aircratt. The point marked at 0.05% (CO 50 ppm) and 480 minutes is the
current Threshold Limit Value (TLV) for 8 hours-a-day exposure.

(d) Hypoxia and the Altitude Equivalence of Drugs. McFarland’s (1963)
gross summary of the behavioral and psychomotor changes (ranging from
deterioration in the quality of complex coordination at 10,000 feet to loss
of simple coordination at 17,000 feet) associated with reductions in oxy-
genation of the blood highlights man’s problem in functioning in the aero-
space vehicles’ environment. Because of recognized human susceptibility to
extremes of altitudes, builders of aerospace systems design within their
environmental subsysteins so that man will not be exposed to environments
that may be physiologically damaging or physically painful, or contribute
in any way to a reduction of his motivation and alertness, or lead to
impairment of critical or safe operational performance.

The tissues we implicated as being the physiological bases for psycho-
motor performance, those of the central nervous system, particularly the
brain and eyes, cannot function without oxygen. Since the only oxygen
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stored by the body is what is actually being transported by the blood,
oxygen breathing systems for aircraft must be furnished. It is these systems
that make human flight and functions possible and less hazardous at other-
wise impractical altitudes.

Even though provisions are made to protect man in space from environ-
mental conditions outside the limits of his tolerance, he can still jeopardize
his ability to survive or to use his faculties in operating his aircraft by
deliberately or accidentally effecting changes in his own internal environ-
ment (see Wilks and Clark. 1959). The information presented on carbon
monoxide by Hagen-Schmit (1965) and Allan and Allard (1961), alcohol
by Harper and Albers (1964), McFarland (1953); McFarland and Forbes
(1936) and Haldane and Priestly (1935) and smoking by Parmeggani and
Gilordi (1952) and McFarland (1944) clearly dicates that these agents
affect pilot performance by producing hypoxia, the general term denoting
underoxygenation of body tissues from any cause. Alcchol produces this
effect through respiratory depression while CO and smoking (which pro-
duces CO as a byproduct) form an abnormal compound in the blood,
carboxyhemoglobin, which reduces the oxygen carrying capacity of the
blood. Goren's 1966 study to test the hypothesis that alcohol could affect
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the uptake of CO in humans. possibly producing an effect more toxic than
either alone fortunately was nonsupporting.

A significant implication for the performance or training of psycho-
motor tasks at sea level is that each of the substances discussed above has
an altitude equivalence. For example, inhaling the smoke of three cigarettes
at sea level can be equivalent of functioning at an alttitude of 8,000 feet.
Kelman and Crow (1969) conducted studies in which Ss performed two
types of vigilance tasks at a sitnulated altitude of either 2,000 feet or 8 £00
feet. Their results supported other findings that acute exposure to a simu-
lated altitude of 8.000 feet impairs learning of a new task. Lilienthal and
Fugitt (1946) specifically demonstrated the altitude equivalency of CO.
The successful search for a drug that will aid accomodation to altitude may
ultimately mitigate the altitude equivalence effect which can handicap the
inveterate smoker. Although work by Cain and Dunn (1965) and (1966)
suggested that the drug acetazolamide might aid accommodation to alti-
tude. studies by Hartman and Phelps (1968) yielded no substantial evidence
to support use of the drug for this purpose.

(e) A Partial List of Representative Behavioral Drugs. Table 5-2C (from
Boren, t966) is included because it represents an excellent summary of the
imporvint psychotropic drugs: that is, those with a psychological effect.
Although the table covers many categories of behavioral drugs, this paper
has essentially centered on the following three classes of drug effects: (1)
Drugs having stimulant subjective and behavioral effects, (2) Drugs having
depressant or hypnotic behavioral effects, (3) Drugs having tranquilizing or
antianxiety behavioral effects. Tobacco really fits well in none, but right-
fully falls in all of the above classes. We shall therefore give it the recogni-
tion it deserves by labeling it as one of the oldest and most widely used
psychotropic drugs.

() Behavioral Studies and Setting Meaningful Standards of Air Quality.
As citizens, educational specialists must do their utmost to combat the
increase in air pollution and to support the many recommendations of the
Environmental Pollution Panel of the President’s 1965 Science Advisory
Committee. One recommendation in particular for which their support as
educators, more so than citizens, is required, states that *...efforts
(should) be increased to establish the scientific bases upon which standards
of environmental quality can be set.” Among the “‘scientific bases™ which
can be considered in setting standards of environmental guality, evaluation
of the effects of pollutants upon man's capacity to perform important
tasks is unquestionably of prime importance to training.

This review contains convincing evidence of the deleterious effects that
drugs and atmospheric toxic agents can have on complex human behavior
in either artificial or natural environments. Educators involved in the
psychomotor domain must insist that behavioral studies along with more
classical physiological studies be used to provide data which may ultimately
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Table 5-2C. A Partial List of Representative Behavioral Drugs! (From

Boren, 1966)

|, Stimulants
d-amphetamine (Dexedrine)
methamphetamine (Methe-
drine and others)
methylphenidate (Ritalin)
Pipradro} (Meratran)

1l. Antidepressants

A. Monoamine oxidase inhibitors
iproniazid (Marsilid)
isocarboxazid (Marplan)
nialimid (Niamid)
phenelizine (Nardil)

B. Other antidepressants
amitryptaline (Elavil}
imipramine (Tofranil)

1ll. Depressants
A. Tranquilizers
- 1. Phenothiazine derivatives

chlorpromazine (Thorazine)

fluphenazine (Permatil or
Prolixin)

perphenazine (Trilafon}

prochlorperazine {Com-
pazine)

thioridazine (Mellaril)

trifluoperazine (Stelazine)

2. Rauwolfia alkaloide
reserpine
3. Muscle relaxants
meprobamate (Miltown
or Equanil) _
chlordiazepoxide (Librium)
B. Barbiturate hypnotics
pentobarbital (Nembutal)
" phenobarbital { Luminal)
secobarbital (Seconal)
thiopental {Pentathal)

V. Anticholinergics
atropine
benactyzine (Suavitil)
benztropine {Cogentin)
methantheline (Banthine}
scopolamine

V. Hallucinogens
lysergic acid diethylamide
(LSD)
mescaline

VI, Analgesics

meperidine (Demerol)
morphine

1The generic name of the drug is given first, and the trade name appears second

in parenthesis.
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provide a basis Tor setting meaningful standards of air quality as well as an
understanding of both gross and subtle behavioral effects of air pollutangs.
Also they should recommend that these behavioral studies be done in rela-
tion to job activities whiclh are important for man or to segments of real-
life activities (rather thuan abstract laboratory tasks) to ensure that results
can be readily transferred and utilized in the world of vocational training.

(g) Drugs and Toxic Agents of Greatest Concern in Vehicle Operation,
Aviation and General Use. Some of - the medications mentioned by Dille
and Mohler (1969) of greatest use and concern in general aviation include:

Analgesics. Acetyl salicylic acid (Aspirin} is used more often than any
other over-the-counter drug. Toxic effects though rare are almost always
associated with large doses. An example, related to psychomotor perfor-
mance, is 4 reduced tolerance to liypoxia, mostly becuuse of an increase in
body metabolic rute. '

Antihistamines. Undesirable behaviorul effects of these drugs include
drowsiness. inattention, confusion. mental depression, dizziness, decreased
vestibular function and impaired depth perception. The combined (synergis-
tic) effects of ulcohol and antihistamines cause greatly impaired efficiency
and judgment, R ‘ .

Motion Sickness Medications. All of these readily accessible compounds
have sufficient side effects to limit their use: drowsiness. dizziness, blurred
vision. In combination with alcohol they severely depress the central ner-
vous system {CNS).

-Admphetanines. These are cerebral stimulants which diminish a sense of

' fatigue or delay its onset tending to force the body beyond its naturat
-capacities. Over-dosage is reported to produce nervousness, impaired judg-

ment and cuphoria.

“ ... Trunquilizers and Sedatives. These substances have measurable effects on

O

alertness, judgment, efficiency and over-ull performance. They are generally
prescribed without due concern for the patients occupation and may cause
severe unsuspected depressant effects in combination with alcohol.

McFarland and Moseley's (1954) work, which was cited extensively in
the body of the review, leaves no doubt as to the critical relationship
between alcohol. tobucco and drugs and driver pertformance. The effect of
these agents is bricfly summarized below:

Aleohol, Contrary to popular beliet its action on the nervous system is
that of a depressant rather than a stimulant, Heavy imbibers manifest
poorer performance ‘in muscular skill, sensory acuity. memory judgment,
and other psychological functions. )

Tohucco. Lxcessive simoking may significantly influence u driver’s night
vision since 4 distinct rise in the visual threshold can occur after cach

“cigarette, Although various experiments have shown litue effect of tobacco

on complex psychological and mental functions, the impairment of night
vision is especially significant for night driving since dim illumination ims
poses such a strain on visual functions.

Other Drugs. (a) Bromides and barbiturates: sleep-inducing drugs which
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may continue to have an effect, i.e.. an inhibitory action on the CNS,
beyond the period of sleep. (b) Antibiotics: streptomycin, as an exampl?,
may produce réactions such as loss of balance. dizziness. ringing in the ears
and deafness. (¢) Dramamine and Antihistamines: give rise to drowsiness.
(d) Catfeine: stimulates the CNS, (e) Benzedrine: markedly stimulates the
CNS resulting in elevation of ood, eupheria, decreased ability to concen-
trate and sleeplessness.

The results of an investigation by Heimstra. Bancioft, and Dekock
(1967) on the effects of smoking upon driver performance showed no
significant  differences between smokers and nonsmokers in the various
measures involved in a driving device. However, deprived smokers showed
significantly more tracking errors and vigilance errors than subjects in other
groups and data from a mood scale indicated increased feelings of aggression
in the deprived smoker and nonsmoker groups, but not in the smoker
group. The authors review ot other studies dealing with the effects of
smoKing on psychomotor performance indicated that the typical initial ef-
fect of tobacco appeuars to be a decrease in precision of finely coordinated
movements. a decrease in overall efficiency and either an increase or de-
crease in speed and the number of errors, depending on the form of to-
bacco and its mode of administration.

Murphee, et al (1965), whose studies of the quantitative electroence-
phalographic effects of smoking revealed it to be a stimulant rather than a
tranquilizer, received indirect support for this conclusion from question-
naire tindings. In the latter survey, Heimstra, Allusi and Adams found that
a large percentage of Ss queried increased their smoking to alleviate or
counteract fatigue during long driving sessions.

The Katz and Forbes (1957) review on the effects of analeptics con-
cluded that. in general. the results of small doses of compounds such as
Dexedrine under proper usage appear beneficial. although certain cautions
and limitations are definitely indicated. Their primary concern was that
there were relatively few field studies which reported beneficial results
especially on attitude and prevention of decrement from fatigue. Most of
these so-called field studies made measurements in the laboratory after field
performance or else simulated the field performance in the laboratory.
They echoed the concern of the industry representatives to this conference
in their observation that apparently very few actual studies of drug effects
involving practical tasks, such as the performances which are critical in the
complicated behavior required for automobile dnvmg, are routinely carried
out in the field of drug research.

Ganslen. Balke, Nualge and Phillips- (1964) completed an investigation
predicated on the basis: (a) that drugs used for general therapeutic pur-
poses, such as the tranquilizers of the meprobamate group may affect the
work capacity of normal Ss: (b) that certain drugs. considered as aide to
heart function. may materially alter the working capacity of normal Ss; (c)

O
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that the biological etfects of the drugs under investigation were such that
their use should be indicated or contra-indicated for persons in certain
occupations whe might be subject to extensive physical demands. The au-
thors felt that the untoward affects of Equanil, the tranquilizer, contra-
indicated the use of meprobomates in general because of their sedative
effects and the extent of the vasomotor system depression they produce.
The caffeine-metrazol combination and Recordil both improved working
capacity. However, Recordil made the subject feel subjectively “keyed up”
for about 12 hours after ingestion. and also produced belated faint anginal
sensations of short duration. The caffeine-metrazol combination appeared
to be a closer approximation to the ideal anti-fatiguing medication. i.e., one
which would enhance working capacity without noticeable psychological
side effects. Benzedrine and other amphetamine compounds were not
judged. acceptable. The authors concluded that these compounds unques-
tionably have potent psychic energizing effects. but the apparent improve-
ments in working capacity with these substances are more often the result
of motivational factors than physiological improvenent.

Lastly. toxic agents studied in considerable detail, particularly for their
physiological effects, included oxygen, carbon dioxide and carbon monox-
ide. Oxygen toxicity was well verified in men who had breathed high
concentrations of oxygen at normal pressures; pulmonary oXxygen toxXicity
can also be a problem in flight. High concentrations of oxygen act princi-
pally on the lungs and the central nervous systemn. Central nervous system
effects consist of confusion, irritation and even convulsions (see McFarland
(1953) and Haldanne and Priestly (1935)).

Carbon dioxide in relatively low concentrations causes subjective reac-
tions, principally a feeling of suffozation. High concentrations may cause
depression of higher centers evidenced as confusion, loss of consciousness or
even convulsions (Gibbons, Franklin, Jones and Wamsley (1969) and Schae-
fer (1961)).

Carbon monoxide toxicity quite obviously has been extensively studied
and its effect reasonably established; see Roth, Teichner and Mirachi
(1968). All evidence indicates that its only biological effects are those
resulting from oxygen transport. The time-concentration relationships for
carbon monoxide are well known. Levels for community air pollution have
been set for carbon monoxide and reflect recognition that persons who are
heavy smokers or who have impaired cardiorespiratory physiology are espe-
cially susceptible. There is a paucity of data for the effects of concentra-
tions of carbon monoxide below 100 ppm since it is stated that below this
level there are no perceptible physiological effects. Recent explorations,
Schulte (1963) and Beard and Wertheim (1967), of this region have un-
covered subtle behavioral changes in both animals and humans. Although
these findings are important, much remains to be done before the signifi-
cance of performance decrements associated with low concentrations of CO is
fully understood.
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(h) Theoretical lmplications. Miescher-Rusch in 1885 attributed an an-
gelic role to carbon dioxide when he stated ... over the oxygen supply of
the body. carbon dioxide spreads its protecting wings.” Since that time a
number of physiologists have either again suggested or demonstrated that
carbon dioxide does indeed partially protect the body from the effects of
hypoxia. It is our contention that within the world of the behavioral sci-
ences the “‘zeitgeist” is right for a comparable statement. Paraphrasing the
beautiful prose of Miescher-Rusch it could be stated: Over the learned skills
within the organism, the mechanism of overlearning not only increases the
‘resistance of these skills to forgetting, but also reduces their susceptibility
to drug influences {and to effects of environmental factors, as pointed out
elsewhere in this paper). There is no question that the Miescher-Rusch
statement alone will survive if only on its literary merit. But, another look
at the data does lend some credence to our badly worked bit of prose.

Recapitulating, support for the statement is found in several of the
studies previously discussed. The Chiles, Alluisi and Adams (1968) study
for example, in which Donnatal (an antispasmotic) and Chloropheniramine
(an antihistamine) were administered to ‘“‘over-trained™ Ss, indicated no
drug effect. The authors state they recognized from the beginning that the
dosages of the two drugs were narginal in terms of producing a measurable
effect on performance, but were consistent with the need to determine the
effects of ingestion of typical amounts of the drugs in question. The other
factor that the investigators assumed tended to minimize the possible ef-
fects of Donnaial and Chloropheniramine was that they were “highly tra-
ined” for their *“jobs.” In line with our hypothesis, we would take only
minor issues with the authors’ explanations. Their result would appear
equally explainable by positing that th¢ overlearning and not the “typical
amounts of the drugs™ ingested was primarily responsible for their benign
effect.

In an experiment by Kelman and Crow (1967), Ss performed two types
of vigilance tasks at a simulated altitude of 2,000 ft. or 8,000 ft. With the
easier test there was no significant difference between performance at
2,000 ft. and at 8,000 ft. With a more difficult test, the Ss initial perfor-
mance was significantly worse for the hypoxic group, compared with the
controt group at 2,000 ft. However, when both groups became familiar
with the test, i.e., overlearned it, the differences was not statistically signi-
ficant. In this case, it could be said that the mechanism of overlearning
counteracted the deleterious effects of hypoxia.

. Finally, in a study by Gibbons, Franklin, Jones and Wamsley (1969)
whose purpose was to evaluate performance of a complex psychomotor
task during exposure to 38 mm Hg PCO, in air at sea level, there was no
apparent degradation in the Ss’ ability to perform a primary task consisting
of a motor response to a visual stimulus. However, there was indication of
dlegradation in the performance of a secondary task. If we assume that the
Q .
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primary task was the better learned of the two tasks, the results are explic-
able within the framework of our hypothesis.

In brief then, increased mastery of psychomotor skills would appear to
trigger some type of internal mechanism that reduces their vulnerability to
hostile external environments, or to.drugs. In the case of drugs, it could be
hypothesized that this effect could apply to classes of medicinals that
tended to either enhance or degrade performance. The practical significance
of the former inference is clear: if highly trained Ss are resistant to the
enhancement effects of drugs, their use for enhancement purposes is both
wasteful und inefficient. The relationship between drugs that degrade per-
formance and the mechanism of overlearning will be examined later in this
discussion.

If a skill is not overlearned, is it possible that drugs in therapeutic doses
could serve to either enhance or have no demonstrable affect on perfor-
mance? Astronaut Cooper’s frequently referred to ride from space may fit
the criteria for enhancement of a moderately complex skill which no
amount of simulation practice could develop into a completely automatic
response habit, i.e., reentry occurs too infrequently in the life of an astro-
naut to pecome a completely automatic response.

Cooper did use S mg. of amphetamine as a psychic energizer dunng his
last orbit and his subsequent near perfect reentry and landing could be
considered a textbook description of one of its uses: to enhance perfor-
mance under moderately high task demands. [ts effective use also served to
accelerate a wide range of drug research to prevent, mitigate, or compen-
sate for other mental and physical deteriorations that might occur in space.
Table 5-3C represents the first approximation of a program subsequently
presented,

This table from Schmidt (1965) summuarizes the special indications for
drugs at the vafiobs flight stages, the general nature of the drugs to be
considered, the ‘purpos® of such medication, and some of the undesirable
effects which could be anticipated ‘according to information then available.
The final column of the Table identified the type of simulation in which
the studies could be carried out. Because of the pressure of time, removing
the causes of the physical and mental deterioration noted in Cooper’s flight
through engineering advances was not possible. An appropriate medicine
chest, however, did evolve as an acceptable alternative and contributed
immeasurably to the success of the Apollo flights.

Performance decrement as a residual effect of secobarbital was reported
by McKinzie and Elliott (1965). Their results demonstrated that 200 mg.
(3 gr.) of secobarbital produced significant decrement in a simulated pilot-
age task 10 hours after ingestion and this effect persisted throughout the
12 hour “mission.” Furthermore, this amount of secobarbital both delayed
and attenuated the effect of d-amphetamine given during the “flight” to
combat fatigue.
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Hartman and McKenzie (1966) wished to confirm the previously ob-
served effect of 3 gr. but without the complications of an extended mission
and the use of d-amphetamine as a stimulant. The study appeared to clarify
the “hangover™ ctfect of secobarbital. reported in the earlicr study, relating
it to dosage. The “hangover™ effect is characterized by degraded perfor-
mance and subjective feelings ot lack of coordination and sleepiness, see
Figure 5-3C and Figure 5-4C. With 3.0 gr. of secobarbital these effects were
seen 10 hours after drug ingestion and- persisted for a considerable length
of time. These tindings were remarkably consistent with those of the pre-
vious study in which degraded performance was present throughout the
entire 12 hours “mission.” No degradation in performance occurred from
the administration of t'4 gr. of the drug, Figure 5-3C.

Since the therapeutic dose of 1% gr. of secobarbital had no effect on
performance, can we not assume that the principle we have espoused, i.e.,
the moderation ot impairment (in this case of a CNS depressant) by an
overlearning mechanisim, was conclusively demonstrated by the result?
However, some 10 hours atter ingestion ot 3.0 grains of secobarbital. de-
graded psychomotor performance was a pronounced residual eftect. Could
it be that the double dose produced marked impairment because the skill
had been inadequately learned? More specifically, is it possible that the
relevant skill had not been learned to a criteria that would invoke the
overlearning mechanism to serve as a countermeasure against the more po-
tent depressant? .

The Tang and Rosenstein (1967) study provides, in part, additional sup-
port tor our general hypothesis. Both alcohol and dremamine alone, respec-
tively, had no or small performance decreases. Their cumbination, however,
produced much larger performance decrements. Perhaps the skill had not
been sufficiently learned to resist the synergistic effect? That a combina-
tion of alcohol with Dramamine, a common anti-motion sickness remedy,
produced much larger performance decrements than each alone has serious
practical implications, As Dramamine is a relatively short acting drug (3-4
hours), other long-acting CNS depressant drugs when combined with al-
cohol could produce much longer and serious performance decrements,
witi serious resultant consequences, in all types of users, especially ground
vehicle and aircraft operators.

Extrapolating from our data, is it possible that principles similar to
those we have just discussed attect the general use of drugs in the commu-
nity? For example, the driver of 25 years who habitually drinks may be
intoxicated but still gets his car home. The socialite on a diet of “pep-pills™
and “dolls™ may tempt fate with her driving for years but still reaches her
destination safely. We ask. Is not the mechanism of overlearnting in these
cases spreading its protective wings?

The basis tor still another hypothesis would appear to come from
Howard's (1965) test of a new central stimulant, S-phenyl-2-imino-4-oxo-
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oxozoliddne. In therapeutic dosage, the stimulant significantly reduced the
impairment that had developed in a vigilance task and was actually more
effective when the level of impairment was higher. Progressively higher
doses, however, had less effect on the impairment and eventually accentu-
ated the condition.

An explanation of these results can be given if we adopt the point of
view that the human organism is essentially a data processor and ascribe to
the new stimulant some of the known properties of existing stimulants. We
will choose amphetamine as our model since it is known to be capable of
enhancing performance under moderately high task demands, an effect the
new drug displayed in Howards’s study. Returning to the paradigm of the
human as a data processor, it could be said that moderate doses of the
stimulant ensured optimal functioning of the human data processing mecha-
nism by not exceeding the channel capacity of the human processor.

Why then did we experience performance decrement with progressively
higher doses of the new stimulant? The explanation may be this: the decre-
ment in performance that occurs could simply be a function of input
queuing and channel capacity limitations in the human. Higher doses of the
drug in question have the effect of speeding up the data processing. Next,
"queuing results because of channel capacity limitations in the organism.
Queuing, in turn, produces decrements in performance as a result of short-
term storage, i.e., inputs are lost while awaiting data processing.

The hypothesis may be completely invalid but still have considerable
pragmatic value. The amphetimines, for whatever reason, should be given in
moderate doses if they are being administered to enhance either cognitive
or psychomotor performance. Massive doses of the drug, beside§ causing
toxic physiological effects, can be expected to exacerbate rather than to
enhance human performance. '

The study by Johnston (1968) also had interesting theoretical implica-
tions for enhancing psychomotor performance that merits a special review.
Johnston’s experiment suggested that tobacco smoking degrades vision; or
stated in a more positive manner, that habitual smokers who reduce their
smoking or abstain from smoking may markedly increase the size of their
visual field (i.e., peripheral ucuity) and improve their search performance.
To the military pilot who smokes, the training he receives in search per-
formance may be negated in part by his smoking. When search performance
must be learned or proficiency in this skill maintained as part of any task,
gains completely independent of the training situation, selection of the
trainee, or choice of a training device may be effected by manipulating an
external variable such as smoking. The gain in performance brought about
by the cessation of smoking is a bonus pure and simple, brought about in
the most cost-effective manner possible; an overlay on top of gains nor-
mally produced by the above and other costlier procedures, e.g., human
quineering, maintainability, etc.
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The pharmacological future as it relates to performance enhancement is
bright. With adequate research, we may be on the threshold of legitimately
recommending for use drugs that could greatly augment human intrinsic
capacities. The tragedy of our times is that our eager young people seem
unable to wait for future research to catch up to their present need and
have filled the vacuum by resorting to self-experimentation. Accelerated
research in the area of behavioral pharmacology may be an expedient
means of solving not only the social problems associated with promiscuous
drug use but also the technological problem of finding safe effective drugs
that can be judiciously used to enhance human performance.
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Section D. Task Loading: A Way Of Viewing Systems Opera-
tor Performarice

1. Introduction

In the context of the aerospace industry, the definition of the tasks in
which aircraft and space vehicle operators and maintenance personnel must
engage. and the time in which these tasks must be accomplished, constitute
a nugjor segment of the activities of the human factors specialist. Further, a
substantial sesearch and development effort is directed to methods of re-
ducing high, or impossible task loads. The subjects of this R&D effort
include improvement in the information and control interfaces between
man and the equipment he is operating, improved allocation of tasks
among crewmen, improved selection and training of personnel, and in-
creased automation. One effect of this considerable attention to the “task
loading™ problem has bheen development of a point of view with respect to
the psychomotor effectiveness of operators, which we are calling the task
loading view. We believe this view may be useful in a much broader con-
text than system operation and maintenance, and for this reason present it
to Instructional Media specialists for their consideration.

To illustrate high task loading, a segment of a relatively objective instru-
ment developed by the Human Resources Research Office in the late 50's
for measuring helicopter pilot flight proficiency is presented in Figure
5-1D, taken from Greer, Smith and Hatfield (1959). Check pilots, riding
with the student, recorded the selected elements of the student’s perfor-
mance on this form, as the student performed. The entire sequence, from
initiation of “final turn™ at the bottom of the record sheet, to “termina-
tion of hover™ at the Panel, required an average of 12 to 15 seconds. Each
element represents an action or composite of actions to be performed by
the student during the manecuver, and occupies fully both hands dnd feet,
as well as visual and auditory capabilities. But task loading in this context
is not only the number of tasks the pilot must engage in of course. It is
the skill and efficiency with which he accomplishes them. For the early
student, the load far exceeds his task handling capacity. For the instructor,
his capacity equals or exceeds the task load under almost all conditions.
This is one way of viewing level of training and skill. Broadening this task
loading view, and taking it as in integrating concept, a variety of factors
impacting on psychomotor performance effectiveness can be taken into
account. These factors include, in addition to the individual’s inherent abil-
ity and the skills he has acquired through training: his physical and mental
state during performance; the environment in which he is performing; the
adequacy of the operator equipment interfaces he must perform with; and
1lhe number, complexity and compatibility of tasks required of him in a
Q d
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Figure 51D Sample Record Sheet From 1958 Version of the Intermediate PPDR
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finite time period. Each of these factors may be described.in terms of their
impact on task handling capacity of the individual as he performs.

2. Summary and Implications for Instructional Media

With this task loading point of view in mind, the following generaliza-
tions are offered, in the context of the psychomotor domain, with the
suggestion that they may apply to the broader instructional context.

We may assume that the instructional process imposes an additional task
on the student of attending to, interpreting and applying directions from
his instructor, on top ol the task load capacity limitation due to his under-
developed skills. Thus, in the learning of complex psychomotor skills, in
which the student must perform part or all of them at the same time he is
being instructed, it is all important to recognize that instruction is actually
imposing an additional task load, which may very well be the first task
element which is dropped out as the overload necessitates the student’s
reducing the scope of tasks he handles.

When a student is learning to operate a piece of equipment (aircraft, car
machine tools, etc.). and there are identifiable deficiencies in the man-
equipment interface, these deficiencies should be identified prior to devel-
oping the training curriculum. Then they should become the topic of spe-
cial emphasis, or separate part-task training, in planning and executing the
training program. An example of a serious equipment deficiency is the
combination of the RPM indicator and the RPM control in the light ob-
servation helicopter of the late 50’s and early 60’s. The range within which
RPM must be controlled is very narrow, and this range was difficult to read
on the instrument due to instrument design. To compound the problem,
the RPM control involved a complex, non-linear control action in relation
to the actual change effected in RPM. As a result, it was estimated training
was increased by at least 10 flight hours due to this man-machine interface
deficiency. This type of problem should be identified and singled out for
special attention in the development and execution of the training program.

A corollary to the interface deficiency problem described above is the
fact that, where possible, both training and performance requirements
should be among the major factors impacting on the design of the man-
machine interfaces of new systems. Undoubtedly, the added helicopter
student training costs (at a minimum of $35 per hour), to say nothing of
lost equipment and unnecessary washouts, far exceed the costs that would
have been associated with the relatively simple fixes required for the RPM
indicator and control.

Frames of reference used to judge trainee proficiency during and at the
end of training should be standard, or confusion. and unnecessary self de-
preciation on the student’s part may severely impede training progress. This

O
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is particularly important. and most difficult to accomplish, in training of
complex psychomotor skills.

The degree to which evaluative frames of reference can vary from indi-
vidual to individual is dramatically indicated in Table 5-1D, in which the
average of the error percentages over ten or twenty rides is presented for
each of six check pilots, two of which helped build the special evaluation
system illustrated in Figure 5-1D. The other four were only partially
trained in its use. Note that Pilot 3 attended little to pedal and ground
track control, but was big on altitude control, whereas Pilot 4 worked
pedals and ground track hard, and attended little to altitude. In the devel-
opment of the application of this check ride system, these types of data
helped improve both instructor and check pilot standardization. Without
such standardization, student confusion and loss of confidence as well as
much wasted training time results. Improving standardization of evaluative
frames of reference appaiently improved training effectiveness signiﬁcunlly
in the helicopter training program.

Trainee fatigue can be interpreted as reducing his task Ioad handling
capacity, and as such is an important factor for the instructor and the
training program scheduling to take into consideration. Failure to do so
will result in wasted training time at the least, and possible proficiency
regression due to poor mental attitude or conviction of inadequacy on the
part of the trainee.

Among the many media considerations possible for informational trans-
fer between man and the system he is operating, use of auditory displays in
licu of, or as supplements to, visual displays may substantially increase the
operator’s task load handling capacity. The same considerations, that is
taking advantage of each of the sensory media for appropriate information
transmission, may also apply to training.

This point is made well in a series of studies by Hodgson {1966) in
which relative effectiveness of visual versus auditory versus visual-plus-
auditory presentation of flight control information was evaluated with re-
spect to both flight control efficiency and external visual search. The sum-
mary data is presented in Figure 5-2D. The two graphs on the left side of
the figure represent tracking (flight control) efficiency. The three dots in
the upper left quadrant of these two graphs represent subject performance
with the three methods of control information display, when the subjects
were tracking only (no simultaneous search) on their last training day. The
graphic data represents what happened to their tracking efficiency when
they were required to both track and search. Note that the same relative
order (Audio + Visual best, then Visual then Audio) obtained but that
over-all tracking efficiency in both vertical (controlling nose altitude) and
horizontal (controlling directional altitude) degraded between 4 and 9 per-
centage points when the search task was added. Of particular interest,
however, are the effects of the three display modes on Search performance,

O
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Table 5-1D. Mean Percentage of Errors Recorded for Selected Items and
Mean Over-All Scores by Check Pilots for the Intermediate
PPDR’s, 1957

Check Pilots
EP:&?“ PPDR-Oriented
1 2 3 4 5 6
Number of Rides 20 20 10 10 10 10
Mean Percentage of All Errors
Possible for':
Pedals 21 19 5 29 17 20
RPM . 37 37 10 36 36 17
Air Speed 3 47 21 33 38 25
Altitude . 26 22 19 9 14 8
Ground Track 15 13 5 24 15 11
Mean PPDR Item-Weighted Score 7 74 8 72 76 83
Traditional Grade? 40 30 100 0 30 60

‘These scales constituted over half of the items on the PPDR,

2Based on the percentage of *‘average’’ and ‘‘above average'’ grades given.
Other options were “below average’’ and '‘unsatisfactory.’’ The PPDR
was not referred to in assigning the traditional grades in 1957,
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represented in the right hand graph in Figure 5-2D. It -appears that the
Auditory display relieved the visual mode sufficiently from the control task
to allow him to engage more effectively in search. The subjects. overall,
preferred the combined auditory-visual mode of control information pre-
sentation, stating that the auditory signal served as a warning, while they
were searching, that they should work their control task. They would then
use the visual display for rapid correction (which was easier and faster to
use than the auditory display), and once their control problem was worked,
they could revert to visual search with confidence. This represents a reason-
ably sound use of man’s two primary information acquisition senses in a
complementary ftashion, an objective all too seldom considered or met in
information presentation systems where the information rate is high.

The primary sensory mode. used both in performing and learning com-
plex psychomotor skills, is vision. A characteristic of visual capability
largely ignored primarily due to ignorance, is peripheral vision. In tasks
requiring acquisition of relatively small amounts of critical information
from a wide visual area in a limited time period, training directed to the
value and use of peripheral vision might increase task loading handling
capacity. Carefully planned programmatic research is necessary to further
clarify the applization and value of this type of training emphasis.

Peripheral vision is defined as that visual capability outside of the *‘fo-
veal” area, the point on the retina with the highest acuity and subtending
approximately one degree of arc. This is presented schematically in Figure
5-3D, on which the relative visual acuity, as a function of displacement in
degrees from the fovea. is shown. -

A study of Johnston (1965) was directed to the question ot the role of
p.ripheral acuity, out to a distance less than 1S degrees from the fovea, in
visual search. The motivating concern was that literally all practical mea-
sures of visual acuity are directed to foveal acuity only. She measured
foveal and peripheral acuity of 36 subjects and asked them to participate in
a pair of timed search tasks. Despite a rather severe restriction in the range
of foveal acuity. a wide range of peripheral acuity was found and it was
shown to correlate significantly with search performance, particularly when
the display size Tor the seacch task was large, and when the search task was
for something different in a sea of sameness, (Pierson Product Moment
correlation of .49). Additionally, peripheral acuity was found to correlate
with the same subjects’ scores on an Air Force Speed of Identification test
to the extent of -.50. Correlation with foveal acuity was only .32, but this
is probably due in large part to the range restriction in foveal acuity arhong
the subjects. These findings need further substantiation by well controlled,
programinatic research. but suggest that: (a) peripheral acuity should also
be measured as an indicator of visual effectiveness for selection purposes
and perhaps for identifying student problems attributable to visual defect,
ur{d (b) training to attend to the information available in the periphery
Q . :
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may well be a useful method of increasing the task load handling capability
of people engaged in acquiring and processing information from a wide
field. Learning to attend to the periphery to a greater degree may well be a -
major factor in learning “‘speed reading” for example.

In this section, we have attempted to present and illustrate in a very
brief discussion a Task Loal point of view, which emphasizes the interac-
tion between the number of simultaneous tasks that are being imposed on
an individual in a finite time period, on the one hand, and the individual’s
task load handling capacity, on the other. Regarding the number of tasks,
certain considerations may well render these tasks more difficult, such as
task incompatibility ard poor man-equipment (ie., display and control)
interfaces. Regarding the performing individual, his capacity may be influ-
enced greatly by his inherent abilities and characteristics, his level of train-
ing, his mental and physical state {(due to amount of sleep, use of drugs,
etc.). and the environment in which he is performing. We find this point of
view useful in the Aerospace industry-human factors context, as a means of
taking into account many factors when we are considering how to most
efficiently use man in a system. We offer it for consideration as a point of
view which might serve in the instructionz! context as well, since it appears
obvious that students are often task overloaded, as they are presented with
massive amounts of information which they are expected to integrate and
retain.

O
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Section E. Overview of Implications for Instructional Technology

In this section, we will attempt to extract implications for the instruc-
tional technologies which appear to be comion to part or all of the
factors we have discussed. In so doing, we recognize that some of our
generalized implications go beycnd the data we have presented, and as such
should be considered suggestive, rather than scientifically valid.

First, and perhaps foremost, we offer the suggestion that the student
acquiring a psychomotor skill, particularly a complex skill, will suffer as
much or more from the effects of environmental stressors, toxic agents and
drugs, time/work associated fatigue and task overload, as will personnel
already trained in the task. This is an important hypothesis, since the bulk
of studies we have found use subjects already trained to some degree in
their task. Some evidence for this view is provided in the data we have
presented. the most dramatic example of which is the comparison of highly
skilled pilot/astronauts versus relatively naive subjects engaged in a complex
performance under conditions of environmental stress. For the former, no
performance degradation was observed, whereas for -the latter, significant
degradation became apparent.

If this hypothesis is a fact, then we can generalize more directly to the
learning context. The hypothesis probably holds for learning the more tra-
ditionalty academic subjects as well, particutarly for toxic agent and drug
effects. With this orientation in mind, then, the following generalizations
are offered:

I. When students are being trained in a complex psychoniotor
skill that they are later to apply in an operational or real-
world setting, their subsequent performance will be affected
by the four factors we have discussed in large part to the
extent that they have substantially mastered, or *‘over-
learned.” the task complex. The degree of mastery will be
reflected either by an absence, or by a delay over time in
onset, of performance degradation.

An important corollary of this generalization has direct impli-
cations for the instructional process. When the skill is being
acquired via a student-instructor interactive relationship under
conditions where environmental fatigue or other degrading
factors are present (such as in flight or automobile driver
training), the instructor may be relatively unaffected in terms
of his performance, while the trainee is substantially affected.
If the instructor is unaware of the differences in the effects
on him, as compared to the effects on the student, he may
attribute poor student performance to the wrong factors.
Complex psychomotor performance with highly cognitive ele-
ments (i.e., with substantial information integration require-
ments). will be more affected by all of the factors we have

9
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discussed. except vibration und cold, than will the skills ré-
quiring more straightfoward stimulus-response reactions. or
gross motor mancuvers, Vibration, on the other hand. impacts
most seriously on the gross motor responses, as well as expe-
diting onsct of fatigue effects, Cold affects the performance of
the extremities, seriously at temperatures at or below the

mid-40's (F), though it appears not to affect the cognitive

tasks during relatively short exposures. Fine motor coordina-

tion of the fingers, for exumple, deteriorates seriously at these
low temperatures.

The physical condition of the suhjcct can impact on perfor-

mance very significantly in terms of the effects of all of the

four factors, but is particularly evident in absence, or dzlay of
onsct, of effects of toxic agents and drugs, fatigue and en-
vironmental stressors. '

4, When a complex psychomotor skill requires, in effect. simul-
taneous performance of a number of tasks, those less impor-
tant seconduary and tertiary tasks will be degraded by effects
of cnvironment. futigue. toxic agents and drugs long before
the perceived “primary™ or most important tasks Dbegin to
deteriorate, This generalization has implications for the design
ot studies of effects of performunce-degrading independent
variables, as well as tor performance and acquisition of
psychomotor skills,

5. In acquiring psychomotor skills, an clement of learning that is
often overlooked, appears to be the fact that the subject
learns to adapt to the effects of certain ensironmental toxic
agent and drug stressors, such that his performance is subse-
quently less degraded by the stressor. This should not be con-
sidered a punacea, of course, but is worthy of note, particu-
larly for vibration. -

6. Evident throughout the domain of psychomotor performunce
rescarch has been the apparent effect of that ill defined und
difficult to manipulate factor we cull molivation. Typically,
motivation is discussed tautologically, with good performance
generatly being the basis for deseribing motivation as high,
with the conclusion that high motivation contributes to good
performance. The wealth of observations by researchers, in-
structors and students alike, however. of the impact of the
“competitive spirit™ or urgency to acquire perfection, on ac-
quisition of psychomotor skills cannot be ignored. We simply
wish to again cmphasize that to the extent that the instruc-
tional technologies become adept at the art of motivation
management, their students will probably progress at-a far
greater rate, We feel ourselves, unqualified to celaborate turihe
on this difficult topie.

[99]

Because the task loading section identified @ number of highly specific
factors impucting on learning performance, these will be briefly summarized
here. Viewing the psychomotor performance acquisition process from the
tusk loading point of view we have sclected the following factors as impact-
inu <1wn|f“umly on skill acquisition:
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I. In the instructor-student type of learning situation, the in-
structor should recognize that the intructional interchange it-
self is imposing an additional task on the student, with his
inadequately developed skills, Thus, the instructor should be
aware of when the student can attend to him and when he
cannot. He should make his points. briefly, with 2 good com-
mand of the language and clear articulation, or the student
may turn him off “as an excess” 1o his task load.

2. Deficiencies in the manfequipment interfaces in a system a
student is learning to operate will add to his task load and
degrade his learning performance. These should at least be
recognized in developing the training curriculum, and in the
instructional procéss. When possible, both learning and pertor-
mance considerations should impact on the design of lhcse
interfaces.

3. Frames-of-reference used for performance evaluation may dif-
fer substantially among instructors and evaluators, particularly
for highly complex psychomotor tasks. To the extent that the
divergences in these performance standards are not resolved,
student confusion, wasted trammg time, and poor training will
result,

4. Visual and auditory .senses are generally a fundamental ele-
ment of the performance, and of course the acquisition, of
complex psychomotor skills. Clearer recognition of the char-
acteristics of these sensor capabilities, and planning for their
appropriate use, can, in effect, reduce the task load require-
ment placed on the performer. Existing information about
these senses is sufficient to enhance performance if utilized.
However, to fully take advantage of the sensory capabilities,
Ssubstantially more information. particularly for the visual
sense, must be acquired through research programmed to this
end.

A two-fold factor of particular significance was brought cut in our dis-
cussion of toxic and drug cffects. '

First, it is clear that the drugs in common usec by the mujority of
contemporary Americans, including tobacco, alcohol, antihistimines.- tran-
quilizers, motion sickness preventatives, ctc., to say nothing of the illegal
drugs, may impact significantly on psychoniotor pertormance. The effects
of combinations of these drugs and toxic agents on performance have, in
some instances, ulrcady been shown to be synergistic. Harking back to our
opening gencralization in this section, if' these drugs impact on perfor-
mance, they certainly impact on acquisition of skills, and their effects ure
probably greater in the learning context. This factor should not go unrecog-
nized in the instructional techmologies. in terms of its implications for both
students and instructors.

The second factor is the impact of our increasingly pelluted atmospheric
environment on performance. Of particular significance is the effect, on the
one hand, and the prevalence, on the other hand, of CO in our atmospkere.
O
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We are suggesting that the instructional technologies might be motivated to
mount the band wagon for more sound research directed to defining more
clearly the effects of these atmospheric pollutants on human performance,
with the objective of assuring that valid standards for atmospheric quality
are provided which in turn will safeguard both the health and capabilities
of our people. '

O
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